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The purpose of this Environmental Impact Statement (EIS) 
is to provide environmental input into the selection and 
implementation of cooling water systems for thermal 
discharges from the K- and C-Reactors and from a 
coal-fired powerhouse at the Savannah River Plant. The 
Savannah River Plant is a major U.S. Department of Energy 
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als for national defense. This EIS addresses the poten- 
tial environmental consequences of constructing and 
operating once- through and recirculating cooling towers 
for the K- and C-Reactors; increased pumping to a raw 
water basin and direct discharge to the Savannah River 
for a coal -fired powerhouse; and no action. The 
potential environmental consequences assessed include 
effects on air and water quality, ecological systems, 
archaeological resources , endangered species . and 
wetlands . 
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PREFACE 

The purpose of this Environmental Impact Statement (EIS) is to provide 
environmental input into the selection and implementation of cooling water 
systems for thermal discharges from K- and C-Reactors and from a coal-fired 
powerhouse in the D-Area at the Savannah River Plant (SRP); the Plant is a 
major U.S. Department of Energy (DOE) installation for the production of 
nuclear materials > Implementation of cooling water systems for these 

facilities is needed for compliance with the State of South Carolina Class B 
Water Classification Standards and Consent Order (84-4-W), dated January 3, 
1984, and amended August 27, 1985, and August 31, 1987, between DOE and the 
South Carolina Department of Health and Environmental Control (SCDHEC). 

K- and C-Reactors, which are operating production reactors, discharge their 
cooling water directly to Pen Branch and Four Mile Creek, respectively* The 
onsite coal-fired powerhouse in D-Area discharges cooling water from cooling- 
system condensers into an excavated canal prior to discharge to Beaver Dam 
Creek. These facilities have been in operation since their construction in 
the 1950s. 

On JanuarV 1^ 19R4. RflDWF.n IScmpH a Nal-Tnnal Prtl lufa-nt- Tin ei~V.o*-rro iniminai-irtn 

System (NPDES) permit (Number SC0000175) for the Savannah River Plant. In 
this permit , the cooling water discharge limitations included a temperature 
limitation in onsite streams (i.e., onsite streams are not to exceed 32.2°C; 
in addition, the effluent must not raise the temperature of the stream more 
than 2.8°C above its ambient temperature) rather than in the Savannah River 
as previously permitted by EPA. To achieve compliance with these limitations, 
DOE and SCDHEC entered into a Consent Order (84-4-W) on January 3, 1984, that 
temporarily superseded the temperature requirements in the NPDES permit and 
identified a process for attaining compliance. Major elements of this process 
included a DOE agreement to complete a comprehensive study of the thermal 
effects of major SRP thermal discharges, the submittal of a thermal mitigation 
study, and the selection and implementation of cooling water systems. 

On October 3, 1984, DOE submitted its Thermal Mitigation Study to SCDHEC. 
This study describes the cooling water systems that could be implemented for 
K- and C-Reactors and the D-Area coal-fired powerhouse to achieve compliance 
with Federal and State water quality standards. 
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on July 29, 1985 (50 FR 30728). That notice solicited comments and sugges- 
tions from interested agencies, organizations, and the general public for con- 
sideration in preparing the EIS. The preliminary scope was included in the 
Notice of Intent. 

Comments were received by mail and at the scoping meeting held in Aiken, South 
Carolina on August 19, 1985. Written comments were received until August 31, 
1985. 

In response to the Notice of Intent, 12 individuals, organizations, and 
governmental representatives provided comments to assist in the preparation of 
this EIS. Appendix H includes the issues raised during the scoping process 
and cross-references to the appropriate Draft EIS chapter or appendix. 
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As part of the scoping process , DOE invited interested parties to comment on 
its preliminary determination of reasonable alternatives to be considered in 
the environmental impact statement (i.e., once-through and recirculating cool- 
ing towers for K- and C-Reactors, and increased pumping to the raw water basin 
for the D-Area powerhouse). Because DOE received no comments on this prelimi- 
nary determination, it has identified these, in addition to direct discharge 
of D-Area cooling water to the Savannah River and "no action" (required by the 
Council on Environmental Quality for implementing the National Environmental 
Policy Act), as the reasonable alternatives that it will consider in detail in 
this environmental impact statement. 

On March 28, 1986, DOE began the public distribution of the Draft EIS to all 
in teres ted individuals - agencies - and ff rou n s for review ■ Also on March 28 - 
1986 , a notice in the Federal Register (51 FR 10652) announced the 
availability of the Draft EIS and a 45-day review/ comment period on the 
document from March 28 to May 19, 1986. DOE conducted public hearings in 
Aiken, South Carolina, on April 30, 1986* 

During the 45-day comment period, DOE received 27 statements and comment 
letters on the Draft EIS * DOE also received three comment letters after 
May 19, 1986. 

Many of these comments have led to revisions in this Final EIS. Appendix J 
contains the comments received during the public comment period and DOE's 
responses to these comments . 

In this Final EIS , changes from the draft are indicated by vertical lines in 
the margin of each affected page. Minor typographical and editorial 
corrections are not identified. Changes that are the result of public 
comments are identified by the specific continent numbers that appear in 
Appendix J. A change that is the result of an error (typing error, etc.) in 
the draft is identified with the letters rr TE, " and one made to clarify or 
expand on the draft statement is identified with the letters "TC." Those 
changes in this Final EIS that are the result of a public comment are 
identif ied by an alphanumeric marginal notation (e.g. , AA-1 ) ; these notations 
refer to comments in Appendix J. The responses to these comments in 
Appendix J also provide additional information and clarification. 

In this Final EIS, Chapters 2 and 4 and Appendixes B, C, D, and G have the 
most changes. Appendix I has been added to provide a detailed discussion of 
the feasibility of using cooling water discharges from K- and C— Reactors for 
agricultural and aquacultural uses » industrial applications , direct power 
generation, and ethanol production. In addition to these changes , the order 
in which the alternatives and subsequent actions /impacts for each reactor are 
presented have been revised (i.e. , discussions of K-Reactor alternatives now 
precede those of C-Reactor) because the construction of an alternative for 
K-Reactor would precede the construction of a C-Reactor alternative. No 
change bars are used for the new Appendix I, the preface, the summary, and for 
the reordering of the K- and C-Reactor alternatives. 

Since the completion of the Thermal Mitigation Study and the Draft EIS, 
further design evaluations and studies have been performed to determine 
optimal performance parameters and to achieve lower costs . These evaluations 
and studies have indicated that, in several areas, optimization of performance 
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and cost savings can be realized in the construction and operation of once- 
through towers without introducing major changes in the nature or magnitude of 
the environmental impacts , These areas include the consideration of gravity- 
feed versus pumped-f eed towers , natural-draft versus mechanical-draft towers , 
and a chemical injection system for either dissipation or neutralization of 
chlorine biocide versus holding ponds (and their sizing) . Similarly, these 
evaluations and studies have also led to the development of thermal perform- 
ance criteria that, when incorporated in the final design of a once- through 
cooling-tower system, would reduce the potential for cold shock (i.e. , reduce 
the difference between ambient stream temperatures and stream temperatures 
when the cooling water is being discharged) to fish. In addition, substantive 
information regarding the biological effects of cooling tower operations has 
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Since the publication of the Draft EIS, the U.S. Fish and Wildlife Service 
(FWS) has reclassified the American alligator from "endangered" to "threatened 
due to similarity of appearance" because the species is no longer biologically 
endangered or threatened throughout its range (52 FR 107: 21059-21064). The 
"threatened due to similarity of appearance 1 ' status ensures against excessive 
taking of the alligator and continues necessary protection for the American 
crocodile, a morphologically similar species . References to the American 
alligator and impacts to it have been deleted from the summary; references 
have been retained in the other sections, but without mention of its FWS 
status (see Appendix C for more details on this reclassification). 

This EIS was prepared in accordance with the Council on Environmental Quality 
NEPA regulations (40 CFR 1500-1508) and DOE's NEPA guidelines (45 FR 20694, 
March 28, 1980 as amended), by DOE and by DOE's contractors under the direc- 
tion of DOE. Methodologies used and sources of information relied upon for 
analysis are identified in this EIS. In addition, available results of 
ongoing studies have been used. 

Referenced material in the EIS is available for review in the U.S. Department 
of Energy's Public Reading Room, located at the University of South Carolina's 
Aiken Campus , Aiken, South Carolina, and the Freedom of Information Reading 
Room, Room 1E-190, Forres tal Building, 1000 Independence Avenue, S.W. , 
Washington, D.C. 
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SUMMARY 



PURPOSE 

The U.S. Department of Energy (DOE) has prepared this final environmental 
impact statement (EIS) to address the environmental consequences of the 
proposed construction and operation of modified cooling water systems for 
K- and C-Reactors and the D-Area coal-fired powerhouse at its Savannah River 
Plant (SRP) in accordance with Section 102(2)(C) of the National Environmental 
Policy Act (NEPA) of 1969, as amended, and to provide input into the selection 
and implementation of such systems. On March 28, 1986, a Fede ral Reg i s te r 
notice (SI FR 10652) announced the availability of the draft EIS and estab- 
lished a 45-day review/ comment period on the document, from March 28 to May 
19, 1986* On April 30, 1986, DOE conducted public hearings in Aiken, South 
Carolina, In its preparation of this final EIS, DOE has considered the 
comments that were submitted by government agencies, private organizations, 
and individuals during the public hearing and review/ comment period* This 
final EIS incorporates the comments on the draft EIS, D0E T s responses, and 
modifications made as a result of these comments * The major comments received 
at the public hearings and during the comment period fell into the following 
categories: 

• Alternative uses of cooling water for various agricultural , aqua- 
cultural, and power production 

• More detailed design analysis and thermal performance data for cooling 

towers 

• Present-worth cost analysis of cooling towers 
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Inclusion of predictive biological information similar to that required 
by Section 316(a) of the Clean Water Act, along with a Habitat Evalu- 
ation Procedure (HEP) analysis 

Impact of chlorinat ion/ dechlorination and corrosion-inhibiting com- 
pounds on the aquatic environment 



NEED 

The major sources of thermal effluents at the Savannah River Plant are the 
cooling water discharges from production reactors and the D-Area coal-fired 
powerhouse* Two of the production reactors, K- and C-Reactors , discharge 
their cooling water directly to Pen Branch and Four Mile Creek, respectively. 
The coal-fired powerhouse in D-Area normally discharges cooling water from 
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Creek. At present, the discharges from these three facilities do not meet the 
temperature limits specified in the State of South Carolina's Class B water 
classification standards. 

DOE must implement cooling water systems for the thermal discharges from 
K- and C-Reactors and the D-Area coal-fired powerhouse to comply with both the 
South Carolina Class B water classification standards [as contained in the 
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renewed NPDES permit (Number SC0000175)] and a Consent Order (84-4-W), dated 
January 3, 1984, and amended on August 27, 1985, and August 31, 1987, between 
DOE and the State of South Carolina Department of Health and Environmental 

n ^*-~i rqrritfE'n} . Thp f!nnsent Order contains a compliance schedule for the- 

completion of NEPA documentation and the construction and operation of cooling 
water systems to attain the Class B water classification standards, subject to 
the appropriation of funds by Congress* As stated in the NPDES permit, 
cooling water discharge temperature limits for K- and C-Reactors and the 
D-Area powerhouse are not to exceed an instream temperature of 32.2°C and 
the effluent must not raise the temperature of the stream more than 2.8 C 
above its ambient temperature unless the existence of a balanced biological 
community can be maintained through evidence provided by a Section 316(a) 
Demonstration study. 



PROPOSED ACTION 

The proposed action considered in this environmental impact statement is the 
construction and operation of cooling water systems for K- and C-Reactors and 
the D^Area powerhouse to attain compliance with the State of South Carolina's 
Class B water classification standards. DOE's preferred alternatives are to 
construct and operate once-through cooling towers for K- and C-Reactors, and 
to implement increased flow with mixing for the D-Area coal-fired powerhouse* 
Because the discharge temperatures of cooling water from these preferred 
alternatives will at times raise the ambient stream temperatures by more than 
2.8°C, DOE will conduct Section 316(a) demonstration studies to determine 
whether a balanced biological community can be maintained. 



ALTERNATIVES 

DOE initially identified 22 possible alternative cooling water systems that 
could be implemented for K- and C-Reactors and four alternatives for the 
D-Area powerhouse. Using a structured screening process, DOE then identified 
those alternatives that would be reasonable to implement; the screening 
process and alternatives were documented in a Thermal Mitigation Study » which 
was submitted to SCDHEC on October 3, 1984. Based on the information con- 
tained in its Notice of Intent to prepare this EIS and the comments received 
during the public scoping period, DOE identified the cooling water alter- 
natives that are considered in detail in this EIS- 

Since the com n letion of the Thermal Mitigation Study and the Draft EIS * 
further design evaluations and studies have been performed to determine 
optimal performance parameters and to achieve lower costs. These evaluations 
and studies have identified several areas in which optimization of performance 
and cost savings can be realized in the construction and operation of cooling 
towers without introducing major changes in the nature or magnitude of the 
environmental impacts* These areas include the consideration of gravity-feed 
versus pumped-feed towers, natural-draft versus mechanical-draft towers, and a 
chemical injection system for either dissipation or neutralization of chlorine 
biocide versus holding ponds (and their sizing). Similarly, these evaluations 
and studies have also led to the development of thermal performance criteria 
that, when incorporated in the final design and operation of a cooling-tower 
system, would reduce the potential for cold shock (i.e., reduce the difference 
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between ambient stream temperature and stream temperature when the cooling 
water is being discharged) to aquatic organisms. 

The alternatives considered in this EIS for K- and OReactors are the con- 
struction and operation of once- through cooling towers , the construction and 
operation of recirculating cooling towers, and the continuation of direct dis- 
charge - or no action [as required by the Council on Environmental Quality for 
implementing the procedural provision of the National Environmental Policy Act 
(40 CFR 1502*14)]* The alternatives considered for the D-Area coal-fired 
powerhouse are to increase the inlet water flow with mixing to the D-Area raw- 
water basin, and mix raw— water basin overflow with the cooling water dis- 
charge; to construct a new pipeline to enable a direct discharge to the 
Savannah River; and to continue the present operation - or no action. None of 
i_Lie turee alternatives considered ior the K— and C— Reactors wouj_d compxy witu 
all temperature limits of the South Carolina Class B water classification 
standards, as contained in the renewed NPDES permit AT (e.g. , at the point 
of discharge ) . However, DOE believes that Section 316(a) studies will indi- 
cate that balanced biological communities can be maintained in the receiving 
stream systems under either the once- through cooling tower or recirculating 
cooling tower alternative* If the preferred cooling system alternative for K- 
and C-Reactors (i.e*, once-through cooling towers) is judged not acceptable by 
the South Carolina Department of Health and Environmental Control , DOE may 
select the recirculating cooling tower alternative in order to meet the 
conditions of the NPDES permit. 



AFFECTED ENVIRONMENT 

The Savannah River Plant is a 780-square-kilometer (192, 741-acre), control led- 
access area near Aiken, South Carolina* This major DOE installation was 
established in the early 1950s for the production of nuclear materials for 
national defense* Six principal tributaries to the Savannah River are located 
on the Plant « Five of these streams have received t hernial discharges from SRP 
cooling water operations. At present, Beaver Dam Creek, Four Mile Creek, and 
Pen Branch receive direct thermal discharges from the D^Area coal-fired power- 
house, C-Reactor , and K-Reactor , respectively. 

me rxeiiiL j-s uuiueieu uu uue suuniwesL uy llig oavaiuicin mvci, which j. l. 
parallels for about 16 kilometers. About 10,000 acres of the Savannah River 
swamp forest lie on the Plant from Upper Three Runs Creek to Steel Creek* 
Three breaches in a natural levee between the swamp system and the Savannah 
River allow water from Steel Creek, Four Mile Creek, and Beaver Dam Creek to 
flow to the river. The combined discharges of Steel Creek and Pen Branch 
enter the river near the southeastern corner of the Plant. During periods of 
flooding, the Savannah River overflows the levee and floods the entire swamp 
area, leaving only isolated islands. 

The Savannah River downstream of Augusta, Georgia, is classified by the State 
of South Carolina as a Class B waterway, suitable for agricultural and indus- 
trial use, the propagation of fish, and, after treatment, domestic use. 

The Savannah River Plant currently withdraws a maximum of 37 cubic meters per 
second » primarily for cooling production reactors and the D-Area coal-fired 
powerhouse* Almost all of this water returns to the river via SRP streams. 
The temperature of water discharged from the reactors normally ranges between 
45° and 65 °C above ambient. 

S-3 



The thermal discharges from K- and C-Reactors have changed Pen Branch and Four 
Mile Creek from single-channel , meandering streams to wide, multichannel, 
braided systems flowing within partially vegetated f loodplains * Where the 
streams enter the swamp, eroded material has been deposited, and deltas have 
formed and continue to increase in size* An estimated 1817 acres of wetlands 
have been adversely affected by the K- and C-Reactor thermal discharges. The 
estimated average annual loss of wetlands between 1975 and 1985 was about 54 
acres* 

Few aquatic organisms are found in the thermal areas of Pen Branch and Four 
Mile Creek. The thermal discharges prevent aquatic species from inhabiting 
the streams while the reactors are operating* Fish spawning in the streams 
and deltas is restricted* 

Water intake withdrawal from the Savannah River for K- and C-Reactors causes 
annual estimated entrainment losses of about 26*9 x 10 6 fish eggs and 
larvae. These losses represent approximately 11 percent of the fish eggs and 
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estimated impingement losses of about 5885 fish occur annually* 

Low fish densities and high water levels in portions of Four Mile Creek, Pen 
Branch, and the Savannah River swamp limit the value of these areas for 
foraging by the endangered wood stork. No other threatened or endangered 
species or critical habitat would be affected by the proposed alternatives for 
K- and C-Reactors, 

The operation of the D-Area coal-fired powerhouse results in a withdrawal of 
about 2.6 cubic meters of water per second from the Savannah River and thermal 
discharges to Beaver Dam Creek* These discharges meet the State of South 
Carolina's Class B water classification standard of a maximum instream temper- 
ature of 32.2°C except during occasional periods from May through September, 
when water temperatures can be as high as 34°C under extreme conditions* 
The discharges from the D-Area powerhouse also fail to meet the Class B water 
classification standard of a maximum stream temperature rise over ambient of 
2*8°C. 

The endangered wood stork uses areas of Beaver Dam Creek and its delta for 
foraging during the summer* 

Water withdrawal from the river for the D-Area powerhouse causes estimated 
entrainment losses of about 2.0 x 10 6 fish eggs and larvae and estimated 
impingement losses of about 1718 fish annually* 

ENVIRONMENTAL CONSEQUENCES 

No action - the once-through direct discharge of cooling water from K- and 
C-Reactors and the continuation of the thermal discharges from the D-Area 
powerhouse - would result in discharges that would not meet the State of South 
Carolina Class B thermal standards* No action would also result in a continu- 
ation of the environmental conditions described above as the affected environ- 
ment* The following sections summarize the environmental consequences of 
constructing and operating new cooling water systems for K~ and C-Reactors and 
the D-Area coal-fired powerhouse* 
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K- AND C-REACTOR ONCE^THROUGH COOLING TOWERS (PREFERRED ALTERNATIVES) 

The construction and operation of once-through, natural-draft, gravity-feed 
cooling towers is the preferred alternative for both K- and C-Reactors. 
Cooling water discharges from the once-through cooling towers would comply 
with the State of South Carolina Class B water classification standard of a 
maximum instream temperature of 32. 2°C. However, because the effluent 
discharge would occasionally raise the ambient stream temperatures by more 
than the maximum allowable change in temperature of 2,8°C, Section 316(a) 
Demonstration studies would be performed to determine whether balanced 
biological communities are being maintained. The reduction in the temperature 
of cooling water discharges as a result of once-through cooling-tower 
operation and the continued discharge of approximately the same volume of 
cooling water would increase the available aquatic habitat for fishes and 
other organisms. Wetland losses, which are currently about 54 acres per year 
in the delta/swamp, would decrease as a result of reduced discharge 
temperatures; some revegetation would occur as a result of natural plant 






Construction of natural-draft, once-through, gravity-feed towers for K- and 
C-Areas would adversely affect approximately 60 acres of uplands, less than 1 
acre of which is considered to be wetland. Balanced communities containing 
all biotic categories should develop and remain in the Pen Branch and Four 
Mile Creek ecosystems. Conditions for all biotic categories would be greatly 
enhanced in comparison to present conditions. Recolonization of areas that 
are presently uninhabitable because of excessive temperatures would be 
expected to occur rapidly, 

Zooplankton would become established which would provide food for the 
development of balanced indigenous macroinvertebrate and fish communities* 
The maximum predicted summer temperatures in the Fen Branch and Four Mile 
Creek systems would be within the range tolerated by most, if not all, 
indigenous zooplankton species . The standing crop, species composition, 
community structure, and seasonal periodicity should be similar to those of 
the Pen Branch and Four Mile Creek systems before Plant operation and to those 
of other natural streams in the region. Cooling-tower discharge flow would 
not constitute a lethal barrier to the free movement (drift) of zooplankton. 



The habitat-formers community would improve with the addition of once-through 
cooling towers* However, the pattern of recovery is difficult to predict. 
High flows probably would impede the types of vegetative communities that 
could develop. Macrophyte development in Pen Branch and Four Mile Creek 
probably would be restricted to the edges of the islands throughout the lower 
stream reaches. 

The reduced temperature regimes would permit the invasion of some species of 
aquatic macrophytes and periphyton in parts of the systems that are presently 
too hot to support plant life. However, rapid water velocities and scoured 
stream substrates are expected to retard the development of macrophyte 
communities in the center of the stream channels. In contrast, development of 
aquatic macrophyte and riparian communities is expected along the stream 
margins, as well as in the delta areas, where the stream channels are braided 
and water velocities are reduced* 
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The combination of above-ambient temperatures and the nutrient-rich river 
water that is used for reactor cooling should result in higher levels of 
primary production than would occur without reactor discharge. In addition, 
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would exist without the reactor discharges, because of the higher water 
levels . Flow fluctuations during reactor cycling would result in the 
dewatering and subsequent dessication of large areas of stream bottom during 
reactor outages . The flow fluctuations probably would result in macrophyte 
communities dominated primarily by emergent species that could withstand 
dewatering, although some submerged macrophyte species probably would become 
established in pools and backwater areas - The dewatering also would impact 
periphyton communities , causing die-of f s during reactor outages . Thus t 
although conditions with the cooling towers would be improved over existing 
conditions due to reductions in stream temperatures , flow fluctuations would 
perturb the ecosystems of the stream corridors and delta areas to some extent 
and would influence the types of communities that would develop in these areas. 

Reduced stream water temperatures in comparison to present conditions would 
provide a thermal regime in the Fen Branch and Four Mile Creek systems 
conducive to the establishment of reasonably diverse macro invertebrate 
communities* However, elevated temperature regimes and fluctuations in water 
level could preclude the establishment of some of the more sensitive macro- 
invertebrate taxa in the streams. The dominant taxa would be expected to 
shift, with the more thermally- tolerant species being replaced by other 
species that are less thermally tolerant. Although above-ambient temperatures 
might produce earlier emergence of many species of aquatic insects , no major 
adverse impacts should occur. The slightly elevated temperatures could permit 
multivoltine species of insects (those that complete more than one life cycle 
per year) to produce one or more additional generations per year, thereby 
increasing the net annual production of the macroinvertebrate communities. 
Organisms that can migrate quickly would be favored in Pen Branch and Four 
Mile Creek* while sessile organisms * as well as taxa that nunate in the water ? 
could experience high rates of mortality during reactor outages . Increased 
drift would occur during rising and receding water levels , which could result 
in increased predation and possibly temporary reductions in standing crop. 
Species that inhabit the stream substrate might not be greatly impacted, 
except during extended reactor outages , when discharges could be reduced long 
enough to dry out portions of the stream substrate completely. If large 
periphyton die-of fs are caused by dewatering, secondary production could be 
reduced temporarily due to the reduced availability of food. However > the 
standing crop of macro invertebrates should be sufficient to ensure a good 
supply of food for higher trophic levels. 

The coo ling- tower discharge flows should not interfere with the drift or 
ups tream movement of macroinvertebrates , because the predicted maximum temper- 
atures of the plumes would be less than the upper thermal limits of most 
macroinvertebrate species indigenous to the southeast. No significant 
far fie Id impacts should occur , because the water would be near ambient 
temperature by the time it reaches the Savannah River. 

Once- through cooling towers would improve conditions for the fish communities 
in the Pen Branch and Four Mile Creek systems. The communities in the upper 
reaches above the reactors are not expected to change substantially from 
present conditions , because the fish communities in the upper reaches of SRP 
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tributary streams appear to be stable and not significantly affected by 
reactor operations. Reproductive activities of all indigenous fish species 
should be improved over present conditions by implementation of this alter- 
native - °"rowth should he enhanced b v ths in^r oaco '^ nrnHno t ivi t 17 }?**& ul tin** f tohi 
the slight temperature elevation and nutrient loading from Savannah River 
water pumped through the systems * Final design and operation of the cooling- 
tower systems would comply with the temperature shock limits proposed by the 
U.S. Environmental Protection Agency (EPA) for the protection of all warm- 
water fishes chat could occur during a winter shutdown in Pen Branch or Four 
Mile Creek. Maximal absolute temperatures and fluctuations therein should not 
block fish migration. Accordingly, the entire Pen Branch and Four Mile Creek 
systems should be available for fish habitation and reproduction; the free 
movement of fishes between the stream headwaters and the Savannah River should 
not be inhibited by reactor operations at any time during the year. The 
thermal discharge flows should not block fish migration or exclude fish from 
any part of the ecosystems* Annual entrainment (26*9 x 10 6 fish eggs and 
larvae) and impingement (5885 fish) losses are estimated to be about the same 
as those estimated for current operations z 

The implementation of once— through cooling towers with their associated high 
flow rates , water depths, and lengthy reactor cycles would minimize the 
availability of preferred foraging habitat of the endangered wood stork* 

Air quality impacts, including fogging and icing, elevated visible plumes, and 
total-solids (drift) deposition would be negligible. The construction of the 
towers would disturb one known prehistoric archaeological site that has been 
determined to be "not significant 11 by the State Historic Preservation Officer, 

Current radiological releases, which would continue with the implementation of 
the once- through coo ling- tower alternatives, consist of remobilized radio- 
nuclides in the Pen Branch and Four Mile Creek streambed systems, and 
radionuclides (orincinallv tritium) from small orocess-water leaks into the 
cooling water of the reactors 1 heat exchangers and releases into process 
sewers. The operation of once- through cooling towers would not produce any 
significant changes in the remobilization of radionuclides in streambeds 
because the rate of cooling water discharged from the towers would remain 
essential ±y the same as . that ior current operations . The operation oj. once- 
through cooling towers would result in an annual release of about 100 addi- 
tional curies of tritium to the atmosphere because of cooling water evapo- 
ration, and a corresponding reduction of about 100 curies that had been 
released to the streams. The operation of once- through cooling towers would 
result in a total reduction in the maximum individual effective whole-body 
dose of about 2*3 x 10~ millirem per year, and a decrease in the total 
collective effective whole-body dose to the 80-kilometer regional population 
and downstream water consumers of about 5.5 x 10" person-rem per year. 
These radioloeical dose changes are extremelv small when compared to existine 
operations and to year-to-year variations in natural background radiation; 
doses would remain within all applicable requirements and standards* 

The estimated present worth for the once- through natural -draft cooling tower 
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production losses {%h\ . h million without production ■ losses ) * Estimated annual 
operating costs would be $6.4 million* Preliminary design studies suggest a 
0. 2-percent annual average loss of reactor power attributable to the operation 
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of a once-through tower system in comparison to the No-Action alternative. In 
addition to construction and operation costs, the estimated cost to conduct a 
Section 316(a) Demonstration study would be $1-25 million. Construction would 
require about 36 months, after a 9-month lead design period. 

The estimated present worth for the once-through, natural-draft, gravity-feed 
cooling tower at C-Reactor would be approximately $44 million, including 
production losses ($42.4 million without production losses ) * The estimated 
annual operating cost would be $6*4 million. The construction would require 
36 months following a 9-month design phase. Reactor power could be expected 
to drop by 0,2 percent due to the operation of the once- through system in 
comparison to the No-Action alternative. As with K-Reactor, C-Reactor would 
require an additional $1.25 million dollars for a Section 316(a) Demonstration 
s tudy * 



K- AND C-REACTOR RECIRCULATING COOLING TOWERS 

The construction and operation of recirculating cooling towers for K- and 
C-Reactors would reduce thermal effects to Pen Branch and Four Mile Creek 
while reducing the current discharge (flow) rates by about 90 percent* 
Wetland losses, estimated to be about 54 acres per year as a result of delta 
expansion, would essentially cease, and the process of natural plant 
succession would occur in the area currently affected by thermal discharges . 
An estimated 1500 acres could be reestablished under this alternative . An 
estimated 110 acres of uplands would be adversely affected by construction of 
recirculating cooling towers for K- and C-Reactors* No wetlands would be 
affected by construction. 

Balanced communities containing all indigenous species in all bio tic cate- 
gories should develop and remain in all natural portions of the Pen Branch and 
Four Mile Creek ecosystems following the implementation of recirculating 
coo ling- tower systems for K- and C-Reactors . Predicted maximum water temper- 
atures in the immediate discharge area would not exceed 30°C and, therefore, 
would be below the maximum of 32.2°C required for Class E waters of the 
State. However, the other temperature criterion for Class B waters (maximum 
temperature increment of 2.8°C above ambient) would be exceeded occasionally 
by a small margin in the immediate discharge area and to a decreasing extent 
as far downstream as the Pen Branch delta. Accordingly, a Section 316(a) 
Demonstration study would be conducted to determine if balanced biological 
communities would be maintained. In addition to temperature mitigation, flow 
in the creek system would be reduced to levels typical of small streams in the 
SRP region; these levels should be conducive to reco Ionization by habitat 
formers, macro invertebrates, and fish. 

Conditions for all bio tic categories should be greatly enhanced following 
implementation of this alternative in comparison to present conditions* 
Recolonization of areas within the Pen Branch and Four Mile Creek systems that 
are presently uninhabitable because of excessive temperatures and flows would 
occur rapidly. Furthermore, an analysis of the temperature and flow require- 
ments of the representative and important species indigenous to the creek 
systems has determined that these species should not be affected adversely by 
the slightly higher-than-ambient temperatures and lower flows resulting from 
reactor operations. 
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Following implementation of recirculating cooling-tower systems, a zooplankton 
community should become established in the study area, which would provide 
food for the establishment of balanced macroinvertebrate and fish commu- 
nities. The maximum predicted temperatures in the Pen Branch and Four Mile 
Creek systems would be within the range tolerated by most, if not all, 
indigenous zooplankton species; accordingly, the heated discharge should cause 
no appreciable harm to the zooplankton community. The standing crop of 
zooplankton should be enhanced by the relatively slight temperature elevation 
and standing crop, species composition, community structure, and seasonal 
periodicity should be similar to those present before SRP operation and to 
those of other natural streams in the region. Cooling-tower blowdown flow 
would not constitute a lethal barrier to the free movement (drift) of 
zooplankton. 

The habitat-formers community should improve significantly with the 
implementation of recirculating cooling-tower systems at K- and C -Reactors. 
Following the implementation of the systems, reactor discharges would be 
reduced from approximately 11*3 cubic meters per second to about 1 cubic meter 
per second. The reduced discharge would result in substantial reductions in 
stream width, depth, and water velocity in comparison to present conditions. 
Reduced water velocities would decrease the erosion rate of the stream 
channels in the upper and mid-stream reaches and would be more conducive to 
the retention of logs and other organic debris in the stream channels, 
providing structure for aquatic macroinvertebrates v Lower stream temper- 
atures, coupled with reduced stream velocities, would permit the invasion of 
aquatic macrophytes into the stream channels, and would also permit the 
establishment of riparian vegetation in what are presently the high water 
channels of Pen Branch and Four Mile Creek* Aquatic habitat in the delta 
areas should differ somewhat from that upstream. At present, water flows 
through the deltas in a series of shallow braided channels. With reduced 
discharge, most of the flow should follow the paths of the original stream 
channels, but some water could flow through one or two of the deeper side 
channels that have been cut through the deltas. This, coupled with the more 
gradual stream gradient of the deltas, would probably result in lower 
velocities than would exist upstream. The delta areas should provide prime 
habitat for many species of aquatic and semiaquatic macrophytes, which in turn 
would provide habitat for species of macroinvertebrates that prefer 

w* v „ *.. v - --*^ f »- j---tAiiii3 aiiu uc;ja;>c a taiius yi jjjcli;* kJ^fiiy Lea . 

Following implementation of the recirculating alternative, diverse and 
productive macroinvertebrate communities should develop in Pen Branch and Four 
Mile Creek. The newly established communities would, in turn, provide food 
necessary for the establishment of balanced indigenous fish communities. The 
species composition of the stream corridors should be somewhat similar to that 
of the uuimpacted headwater portions, although differences would exist due to 
a more open canopy and to greater stream discharge volumes from reactor 
operations. Increased light availability would result in systems that are 
more autochthonous. Thus, macroinvertebrate species that utilize periphyton 
or macrophytes as food should be expected to be more abundant. As macrophyte 
beds become established, macroinvertebrate species that are commonly 
associated with these beds should increase in abundance. The dominant taxa 
would be expected to shift, with the more thermally-tolerant species presently 
occurring being replaced by other species that, are less thermally tolerant. 



S-9 



A recirculating cooling-tower system would improve the thermal regimes of Pen 
Branch and Four Mile Creek over existing conditions to within the range of 
temperatures tolerated by most, if not all, indigenous macroinvertebrate 
species. Although the relatively slight increases in temperatures over 
ambient could result in the earlier emergence of some species, no significant 
adverse impacts should occur, and the potential for cold shock would not exist 
during reactor outages in the winter* Thus, the cooling-tower blowdown should 
cause no appreciable harm to the macroinvertebrate communities. Indeed, the 
standing crop of macroinvertebrates in the streams should be enhanced by the 
relatively slight elevations in temperature, due in part to an expected 
increase in the standing crop of periphyton and heterotrophs, which would 
provide more food for many species of macroinvertebrates* In addition, the 
slightly elevated temperatures could permit multivoltine species of insects 
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additional generations per year, thereby increasing the net annual production 
of the macroinvertebrate community. 

The cooling-tower blowdown flow should not interfere with the drift or 
upstream movement of macroinvertebrates, because the predicted maximum 
temperature of the flow is less than the upper thermal limits of most 
macroinvertebrate species indigenous to the area* 

Following implementation of the recirculating cooling-tower alternative, a 
temperature-restricted zone of passage in the upper stream reaches would no 
longer exist. Reduced flow should allow fish to reinvade these sections of 
the stream systems, and should provide spawning and nursery areas for many 
species. 

Reduced temperature and flow conditions should allow indigenous fish species 
to inhabit the mid- and lower reaches of Pen Branch and Four Mile Creek* The 
addition of slightly heated and relatively nutrient-rich Savannah River water 
to the streams via the coo ling- tower blowdown could increase primary and 
secondary production in these areas. Reproductive success of indigenous fish 
species would be improved over present conditions; growth may be possibly 
enhanced by the increased productivity resulting from the slight temperature 
elevation and nutrient loading from Savannah River water pumped through the 
systems. 

Final design and operation of the cooling- tower systems would comply with the 
limits, which are proposed by EPA for the protection of warm-water fishes, of 
temperature shock that could occur during a winter shutdown in Pen Branch or 
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available for fish habitation and reproduction; the free movement of fishes 
between the stream headwaters and the Savannah River should not be inhibited 
by reactor operations at any time during the year. The thermal discharge 
flows would not block fish migration or exclude fish from any part of the 
ecosystems. The areal extent of aquatic habitat would be expected to be 
reduced from present conditions because of reduced flows, resembling ambient 
conditions. Annual estimated entrainment (eggs and larvae) losses would be 
reduced from 26.9 x 10 6 to 3.9 x 10 6 , while estimated annual impingement 
losses would be reduced from approximately 5885 to 853 fish. The imple- 
mentation of recirculating cooling towers would stop existing high flow rates 
and elevated water temperatures, thus markedly improving habitat conditions 
for the endangered wood stork. 
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Maximum annual total -so lids deposition from the recirculating towers would be 
far below levels that cause reduced vegetation productivity* The same prehis- 
toric archaeological site - which has been determined to be not significant - 
that would be disturbed by the construction of the once-through towers would 
be affected by the construction of recirculating towers * 

The operation of recirculating cooling towers would result in a calculated 
decrease of about 0*33 curie of cesium released to the Savannah River each 
year. For both reactors, the operation of recirculating towers would result 
in an annual release of about 850 additional curies of tritium to the 
atmosphere because of coo ling- tower evaporation and a corresponding reduction 
of about 850 curies released to the streams* The reduction in radiocesium 
that would be remobilized, together with the changes in releases of tritium, 
would produce a total reduction in the maximum individual effective whole-body 
dose of about * 19 millirem per year, and a decrease in the collective 
effective whole-body dose to the 80-kilometer regional population and down- 
stream water consumers of about 1. 1 person-rem per year* These radiological 
dose changes are extremely small in comparison to existing operations and 
year-to-year variations in natural background radiation, and doses would 
remain within all applicable requirements and standards. 

The estimated present worth for recirculating cooling towers for K-Reactor is 
about $90 million including production losses ($58 million without production 
losses) ; this alternative would require about kl months to construct after a 
9-month design period* Estimated annual operating costs would be $4*4 
million* Reactor power could be expected to drop by 3-7 percent due to the 
operation of the recirculating system in comparison to the No-Action alter- 
native* In addition, the cost to conduct Section 316(a) Demonstration studies 
would be approximately $1*25 million. 

For C-Reactor, the estimated present worth, annual operating cost, 

construction and design period, amount of reactor power lost, and cost to 

conduct a Section 316(a) Demonstration study for the recirculating system 
would be the same as those for K-Reactor< 



D-AREA INCREASED FLOW WITH MIXING (PREFERRED ALTERNATIVE) 

The implementation of increased flow with mixing for the D-Area powerhouse 
would reduce the thermal effects in Beaver Dam Creek during critical periods 
(May-September) by temporarily increasing the flow at these times • Balanced 
communities in all biotic categories presently exist in Beaver Dam Creek and 
should remain after implementation of this alternative. Predicted maximum 
water temperatures would comply with the maximum of 32.2°C required for 
Class B waters of South Carolina* However, the other temperature criterion 
for Class B waters (maximum change in temperature of 2»8°C above ambient) 
would be exceeded throughout the stream. Accordingly , a Section 316(a) 
Demonstration study would be conducted to determine whether a balanced 
biological community would be maintained- 

Increased flow during the summer should increase aquatic habitat and the 
abundance and diversity of aquatic biota. However, terrestrial wildlife 
habitat would be reduced and associated wildlife would be displaced tempo- 
rarily during periods of increased pumping. An estimated 4 acres each of 
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uplands and wetlands would be inundated temporarily because of intermittent 
flooding from increased flow. 

The increase in pumping probably would cause a temporary increase in the 
erosion of the stream channel, which could result in reduced primary produc- 
tivity and reduced populations of some benthic invertebrates. However, the 
expected erosion and the resulting siltation would equilibrate rapidly under 
an increased flow regime and biota would be expected to recolonize after the 
disturbance has ceased. 

Following implementation of this alternative, a diverse zooplankton community 
should remain in Beaver Dam Creek and should not be affected adversely by 
D-Area powerhouse operation. Rather, increased flow with mixing should 
enhance the zooplankton communities in the immediate discharge area by 
eliminating potential exposures to lethal temperatures* The heated discharge 
should not alter the standing crop, community structure, or seasonal perio- 
dicity of zooplankton from those values typical of the receiving water-body 
segment prior to SRP operation and the thermal plume is not expected to 
constitute a lethal barrier to the free movement (drift) of zooplankton. 

The increased flows and reduced temperatures associated with this alternative 
should improve the habitat-formers community in Beaver Dam Creek. Scouring 
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of the stream where, at present, macrophytes do not occur because of high 
water velocity and turbidity. The habitat-formers community in the delta and 
swamp areas should not be impacted significantly by increased flows because 
fluctuations of flow and increases in current velocity through these areas 
would not be as rapid or severe as those upstream. 

Implementation of this alternative should not result in significant changes to 
the structure and function of the existing macroinvertebrate community, 
although some minor shifts in the relative abundance of some taxa probably 
would occur as a result of increased water flows. The increased water 
velocity could result in temporary increases in the drift rate of some species 
of macroinvertebrates; however, the macroinvertebrate community should be able 
to sustain the slightly higher rates of drift and would not be adversely 
affected* Increased rates of macroinvertebrate drift would provide additional 
food for higher trophic levels. The rise in water level would inundate the 
edges of the stream and could result in some increases in the overall amount 
of aquatic habitat available for colonization. When increased pumping 
stopped, the water levels should recede gradually and not result in 
significant stranding of macroinvertebrates * 

Increased pumping should not alter the present emergence patterns of insects* 
The cooler water temperatures that would exist in Beaver Dam Creek during the 
summer months could result in the addition of a few species of macroinver- 
tebrates that cannot tolerate the present summer temperatures* The 
macroinvertebrate community should provide the food necessary for the 
maintenance of a balanced indigenous fish community. 

The thermal plume resulting from the D-Area cooling water discharge would not 
interfere with the drift or upstream movement of macroinvertebrates, if such 
movement were possible. However, because Beaver Dam is an intermittent stream 
above the outfall, little, if any, drift or upstream movement is possible. 
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The temperatures of the thermal plume would not constitute a barrier to either 
the drift or the upstream movement of macroinvertebrates. 

The fish community of Beaver Dam Creek should not suffer appreciable harm from 
the operation of the D-Area powerhouse following increased flow with mixing. 
There should be no direct or indirect mortality from excess heat or cold 
shock. Reproductive success and growth of indigenous species of fish should 
be similar to present conditions with the implementation of this alternative; 
growth may be enhanced because the slight warmino- from the powerhouse dis- 
charge results in optimal growth temperatures occurring for more of the year 
than with ambient conditions. Stream temperature is not expected to block 
fish migration. Thus, the entire Beaver Dam Creek system would be available 
for fish habitation; the free movement of fishes between the headwaters of 
weaver Dam Creek and the Savannah River would not be inhibited by powerhouse 
operations at any time during the year. 

The increased-f low alternative should not cause significant changes to 
spawning activities in Beaver Dam Creek. Cooler summer temperatures caused by 
increased flow and mixing ^could enhance summer spawning. However, this could 
be offset by the increased variability of flow and temperature resulting from 
implementation of this alternative. 

Annual estimated entrainment of fish eggs and larvae would increase b v about 3 
percent (from 2*0 x 10 6 to 2.06 x 10 6 ), while estimated impingement losses 
would increase from 1718 to about 1831 fish. Estimated temporary wetland 
disturbances would be about 4 acres during periods when pumping was 
necessary* The increased flow would probably reduce the availability of 
j. o raging sites ior the endangered wood stork. There would be no impacts to 
air quality* noise, release of radionuclides, or archaeological resources due 
to the implementation of this alternative. 

This alternative could be initiated without any capital costs* Annual oper- 
ating costs would increase by about $30,000* In addition, the estimated cost 
to conduct a Section 316(a) Demonstration study is about $1*25 million. 

D-AREA DIRECT DISCHARGE TO THE SAVANNAH RIVER 

Discharging effluent directly to the Savannah River would lower water tempera- 
tures to ambient levels in Beaver Dam Creek. The removal of the discharge 
flow would lower water levels greatly In the creek* thereby reducing available 
spawning an u toraging nauii-at ior aquatic organisms. An estimated i acre of 
wetlands and 5 acres of uplands would be adversely affected by the 
construction of the direct-discharge pipeline to the Savannah River* Small 
increases in water temperatures would occur within a mixing zone in the 
Savannah River and the discharge would meet State of South Carolina Class B 
water temperature classification standards outside the mixing zone. 

Entrainment and impingement effects would be the same as those experienced 
during present operations* The removal of the discharge from the D-Area 

powerhouse to the creek would greatly degrade the habitat of the endangered 
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wood stork. There would be no impacts on air quality, noise, radiological 
releases , or archaeological resources * 
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The construction of the discharge pipeline would require a capital cost of 
approximately $14 million and about 22 months to complete* Its operation 
would increase annual operating costs by about $50,000 per year. 



CUMULATIVE ENVIRONMENTAL CONSEQUENCES 

The major cumulative impacts associated with the construction and operation of 
the cooling water alternatives include surface-water usage, ecological 
impacts, radiological releases, and air quality impacts* 



SURFACE-WATER USAGE 

The Savannah River Plant currently withdraws approximately 37 cubic meters per 
second of water from the Savannah River . Approximately 2 . 4 cubic meters per 
second of this withdrawal is consumed, and the remainder is returned to the 
Savannah River via discharges to onsite streams. Total withdrawal from the 
Savannah River is currently about 24 percent of the 7-day, 10-year low flow 
(7Q10), or about 13 percent of the average Savannah River flow. 

Construction and operation of once-through cooling towers for K- and C-Reactor 
would not alter the amount of water currently withdrawn from the Savannah 
River; however, an additional 1-6 cubic meters of water per second would be 
consumed as a result of evaporative losses from coo ling- tower operation* 
Construction and operation of recirculating cooling towers would reduce the 
amount of water withdrawn from the river by about 16*3 cubic meters per second 
and would result in 1.6 cubic meters of water per second consumed as a result 
of cooling-tower evaporative losses * 



Construction of the direct-discharge system for the D-Area powerhouse would 
not alter the existing amounts of water withdrawal or discharge s Implemen- 
tation of the increased-f low-with-mixing alternative, which would require 
additional withdrawals to meet the 32,2°C State Class B water classification 
standard, would not result in any additional consumptive water losses because 
the increased withdrawals associated with this alternative would be returned 
to the Savannah River via Beaver Dam Creek. 

ECOLOGY 

The principal cumulative impact of the implementation of alternative cooling 
water systems for K- and C-Reactors and the D-Area powerhouse would be a 
reduction in the temperatures of Pen Branch, Four Mile Creek, and Beaver Dam 
Creek. This temperature reduction would allow success ional revegetation of 
thermally affected areas, improvement in wildlife habitats in comparison to 
existing conditions , and reco Ionization of thermally affected streams by fish 
and other lower trophic levels. 

Construction and operation of once-through cooling towers for K- and 
C-Reactors would maintain approximately the same rates of flow and flow 
variability v i*e., when the reactors are operating as opposed to when they are 
not operating) in Pen Branch and Four Mile Creek, Construction and operation 
of recirculating cooling towers would significantly reduce the rates of flow 
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in these streams , and also reduce the variations in flow* For the once- 
through cooling towers , the combined effect of reduced stream temperatures and 
maintenance of approximately the same flow rates would result in the estab- 
lishment of a greater amount of aquatic habitat than for the recirculating 
towers; however, because of the larger flow rates and flow variability 
associated with the once- through cooling towers* operation of recirculating 
cooling towers would result in the sue cess ional recovery of a greater amount 
of wetlands* 

Because of the difference in the rates of withdrawal of Savannah River water 
between the once-through and recirculating cooling towers, the estimated 
cumulative Savannah River Plant annual entrainment and impingement losses 
resulting from cooling water withdrawal would remain about the same with 

10 fish eggs and larvae and 5030 impinged fish annually with the operation 
of recirculating cooling towers . Implementation of the increased-f low— 
with-mixing alternative for the D-Area powerhouse would result in a slightly 
greater annual estimated cumulative rate of entrainment and impingement (6.0 x 
10 fish eggs and larvae and 113 fish). 

The implementation of the cooling water alternatives (i*e* , once- through or 
recirculating cooling towers for K- and C -Reactors, and increased flow with 
mixing for the D-Area powerhouse) including the direct-discharge alternative 
for the D-Area powerhouse would affect the endangered wood stork in varying 
degrees* The implementation of the direct-discharge alternative would result 
in a loss of foraging habitat for the wood stork du$ to the removal of 
discharge flows from Beaver Dam Creek to the Savannah River, 



RADIOLOGICAL RELEASES 

Radiological doses associated with current SRP operations are within 
applicable limits and account for less than 0,1 percent of the total annual 
dose to an average individual within 80 kilometers of the Savannah River 
Plant* Construction and operation of either once- through or recirculating 
cooling towers would result in a small decrease in the cumulative radiological 
doses associated with existing and planned SRP operations and other nuclear 
facilities within the vicinity of the plant. The reduction in cumulative 
radiological doses would be greater with the operation of recirculating 
cooling towers than with the operation of once-through cooling towers because 
of reduced remobilization of cesium-137. 



AIR QUALITY 

The operation of either once- through or recirculating cooling towers would 
increase cumulative solids deposition from drift* Maximum annual total solids 
deposition would be greater for recirculating cooling towers than for 
once-through towers, and would be far below levels that cause reduced 
vegetative productivity* 

The operation of either once- through or recirculating cooling towers would 
also cause minor and temporary reductions in ground-level visibility and 
infrequent visible plumes and ice accumulations within 0.4 kilometer of the 
towers* 
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COMPARISON QF ALTERNATIVES 

For K- and C -Reactors, the principal environmental benefits of recirculating 

lishment of a greater amount of wetlands, the reduction in entrainment and 
impingement losses, and the establishment of a potentially greater amount of 
wood stork foraging habitat* Recirculating towers for both reactors would 
cost about $4.0 million less annually to operate than once-through towers* 
The principal environmental benefit of the once-through cooling towers 
comparison to recirculating towers would be the maintenance of existing flow 
levels in the creeks and deltas, thereby providing more potential aquatic 
habitat for fish and other aquatic organisms. The present worth cost of the 
once-through cooling-tower system for both reactors would be approximately 
$93 million less than that for recirculating cooling towers. 

For the various cooling water alternatives for K- and C-Reactors, the 
following relative rankings of potential wildlife effects were determined from 
the Habitat Evaluation Procedures Analysis* Effects to terrestrial wildlife 
from construction of the once-through and recirculation cooling towers are 
essentially equal . Small stream fish species benefit more from the recircu- 
lation alternative in the upper reaches of the creeks. In the middle and 
lower stream reaches, species such as the catfish and sunfish benefit more 
from the once-through alternative. In the deep swamp environment, those fish 
which are more likely to use the swamp during the spawning period benefit more 
from the recirculation alternative. In the swamp, wading birds benefit more 
from the recirculation alternative . Overwintering waterfowl such as the 
mallard benefit more either from the present SRP operations or from the 
once-through cooling tower* 

For the D-Area powerhouse, the principal environmental benefit of the 
increased-f low-with-mixing alternative over the direct-discharge alternative 
would be the maintenance of existing water levels in Beaver Dam Creek, thereby 
maintaining habitat for the endangered wood stork and other aquatic 
organisms. It would also avoid adverse impacts to about 1 acre of wetlands 
and 5 acres of uplands that would result from the construction of the direct- 
discharge pipeline. There would also be a capital cost savings of about $14 
million initially and about $20,000 per year thereafter. 

Table S-l summarizes and compares the environmental consequences of once- 
through cooling towers (i.e., DOE's preferred cooling water alternative), 
recirculating cooling towers, and the no-action alternative for K- and 
C-Reactors. In addition, Tables S-2, S-3, and S-4 compare these alternatives, 
along with the expected natural state of Pen Branch within 15 years if reactor 
operations cease, for Reaches 1, 2, and 3, respectively, of that stream. The 
division of the Pen Branch watershed into these reaches was based on the 
presence of distinct stream gradients. These comparisons were made to assess 
the potential impacts of the alternatives on discrete reaches and the ability 
of the entire Pen Branch system to exhibit and maintain a balanced biological 
community* The following paragraphs describe potential effects of the 
alternatives on the Pen Branch system. (Similar effects should occur on Four 
Mile Creek for C -Reactor,) 
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Table S-l . Comparison of the Impacts of the No-Action Alternative to the Combined Impacts 
of the Once-Through Cooling Towers (Preferred Alternative) and Recirculating 
Cooling Towers for K- and C-Reactors (page 1 of 5} 



Impacts 



No Action 



Once-Through 

Cooling Towers 

(Preferred Al ternati ve* 3 



Reci rculati ng 
Cool ina Towers c 



SCHEDUtE EOR 
IMPtEMENTATION 



Current 



PRELIMINARY PRESENT - 
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- including production $0 

loss 

- excluding production $0 

loss 



I 



ESTIMATED OPERATING 
COST {MILLION $ 
PER YEAR) 



$12.4 

- $6,2 K-Reactor 

- $6.2 C-Reactor 



Construction of the system 
would require 36 months 
after a 9-month design 
peri od. 



$87.0 

- $43,0 K-Reactor 

- $44.0 C-Reactor 
$83.3 

- $41.4 K-Reactor 

- $42.4 C-Reactor 

$12,8 

- $6.4 K-Reactor 

- $6,4 C-Reactor 



Construction of the 
system would require 
42 months after a 
9-month design 
period . 



$180 

- $90 K-Reactor 

- $90 C-Reactor 
$116 

- $58 K-Reactor 

- $58 C-Reactor 

$8.8 

_ $4.4 K-Reactor 

- $4.4 C-Reactor 



SOCIOECONOMICS 



WATER WITHDRAWAL AND 
n"KrHAPf;F patfs 



No additional work- 
force required. 



About 22 . 6 cubi c 
meters n er second 
withdrawn from the 
Savannah Ri ver and 
discharged to the 
creeks . 



Peak construction work- 
force of 400 persons and 
8 persons for operation. 



Withdrawal the same as for 
no action* discharge to thi 
creeks would be about 93% 
of that for no action or 
21 Cubic meters per 
second. 



Peak construction 
workforce of 600 
persons and 12 
persons for 
operation. 

Withdrawal of river 



u/3 V nr 




> i- 


14% of 


that for no 




action 


or 3.3 cubi c 




meters 


per second. 




Discha 


rge to the 




creeks 


would be 




about 


10% of that 




for no 


action or 2. 


2 


cubi c : 


meters per 




second 


. 





WATER QUALITY 



Dissolved oxygen 
concentrations would 
continue to be below 



State Class B water classi- 
fication standards for 
dissolved oxygen concentra- 



State Class B water 
classi f icati on 
standards for 
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Comparison of the Impacts of the No^-Action Alternative to the Combined Impacts 
of the Once-Through Cooling Towers {Preferred Alternative) and Recirculating 
Cooling Towers for K- and C-Reactors. (page 2 of 5) 



Impacts 



No Action 1 



Once-Through 

Cool ing Towers 
(Preferred Al ternati ve b ) 



Reci rculating 
Cool ing Towers' 



I 



TEMPERATURE AND FLOW 
EFFECTS 



standards intermit- 
tently duri ng the 
summer and suspended 
sol ids woul d be 
slightly higher 
than ambient stream 
1 evel s . 



tions would be met. There 

would be some reduction in 
suspended solids. 



Water temperature 
in the creeks would 
exceed State Class 
B water classifi- 
cation standards. 



There would continue 
to be few aquatic 
organisms in the 
thermal areas of 
the creeks and 
deltas. A thermal 
barrier will prevent 
aquatic movement in 
both creeks- Fish 
spawning in both 
creeks and deltas 
would remain reduced 



State Class B water 

cl assi f icati on standards 

fnr t omnorat lira CV? .*? Q C\ 

would be met; Section 316(a) 
Demonstration studies 
will be performed 
for exceedances of 2.8°C 
rise in ambient stream tem- 
peratures. 



Reestablishment of aquatic 
fauna and floral communi- 
ties, spawning, and forag- 
ing in presently uninhabited 
areas. Water levels would 
continue to fluctuate, 
causing some stress to 
aquatic organisms. Thermal 
barriers eliminated; free 
movement of aquatic 
organisms between all 
parts of streams and river. 
There would be no potential 
for cold shock as the 



dissolved oxygen 
concentrations would 
be met . Di ssol ved 
sol i ds concent rati ons 
in discharge would be 
higher than no action 
or once-through cool- 
ing towers because of 
cycles of concentra- 
tions; however, total 
suspended solids dis- 
charged would be 
greatly reduced. 



State Class B water 


classification stand- 


ards for tem n e rature 


(32,2°C) would be 


met; Section 316(a) 


Demons t rati on studies 


will be performed 


for exceedances of 


2.8°C rise in 


ambient stream 


temperatures. 



Additional reduction 
of thermal effects 
over what would occur 
with once-through 
towers except that 
flooded habitat area 
for aquatic organisms 
woul d be smal 1 er . 
Most aquatic communi- 
ties would benefit 
from reduced flow and 
decreased magnitude 
of water level fluc- 
tuations. There 
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Comparison of the Impacts of the Mo-Action Alternative to the Combined Impacts 
of the Once-Through Cooling Towers (Preferred Alternative) and Recirculating 
Cooling Towers for K- and C-Reactors {page 3 of 5) 



Impacts 



No Action 9 



Once-Through 

Cooling Towers 

(Preferred Alternative^) 



Reci rculating 
Cool i ng Towers c 



Maximum Weekly Average 
Temperature criteria 
for winter shutdowns 
would be met. 



would be no potential 
for cold shock as the 
Maximum Weekly Average 
Temperature criteria 
for winter shutdowns 
would be met. 



ENTRAPMENT/ 
IMPINGEMENT 



CO 

I 

i— 1 



TERRESTRIAL/WETLAND 
HABITAT 



SOLIDS DEPOSITION 



ENDANGERED SPECIES 



Water withdrawal 
would continue to 
cause entrainment 
losses of about 26.9 
x 10 6 fish eggs 
and 1 arvae and the 
loss of about 5885 
fis/i to impingement 
annually. 

Annual losses of 
about 54 acres of 
wetlands due to dis- 
charge temperatures 
and flows would 
conti nue. 



None- 



Effects would be about the 
same as for no action. 



Wetland losses would 
decrease; some revegetation 
of these areas would occur. 
60 acres of uplands would 
be affected by 
construction. 



Annual entrainment 
and " impingement losses 
would be reduced to 
about 3.9 x 10 6 and 
854, respectively. 



Maximum annual total solids 
deposition rates for each 
tower would be below levels 
that cause reduced vegeta- 
tive productivity. 



Thermally affected Foraging habitat of 
areas of Four Mile the wood stork would 
Creek and Pen Branch be restricted due to 



Wetland losses would 
essentially cease and 
about 1500 acres of 
wetlands would succes- 
sively revegetate; 
about 1 10 acres of 
uplands would be 
affected by 
construction. 

Maximum annual total 
solids deposition 
rates would be higher 
than for once-through 
towers but would 
still be far below 
levels that cause 
reduced vegetative 
productive ty. 

Potential of enhance- 
ment of wood stork 
habitat would be 



Table S-l. Comparison of the Impacts of the No-Action Alternative to the Combined Impacts 
of the Once-Through Cooling Towers (Preferred Alternative) and Recirculating 
Cooling Towers for K- and C-Reactors (page 4 of 5) 



Impacts 



No Action 



Once-Through 

Cooling Towers 

(Preferred Alternative 11 ) 



Reci rcul at i ng 
Cool ing Towers c 



would remain too hot 
for fish production 
and thus of 1 imi ted 
forage value for 
wood stork; no 
impacts to other 
threatened or 



water depth and flow 
rates. No impacts on 
other species. 



increased due to lower 
water levels in the 
creeks and deltas. 
No impacts on other 
species. 






AIR QUALITY 



No impacts. 



I 
ho 

o 



Temporary small increases 
in air pollution and dust 
during construction. 



Ice accumulation, visible 
plumes, and reduced ground- 
level visibility impacts 
from cooling tower opera- 
tion would be smal 1 - 



Construct i on impacts 
would be similar to 
those for the once- 
through towers. 

Total frequency of ice 
accumulation would be 
higher than once- 
through coaling tower. 
Visible plume 
occurrence would be 
onl y si ightl y more 
frequent than that of 
once-through towers . 
Reduction in ground- 
level visibility 
would be less than 
for once-through 
towers and would 
occur over a soiriewhat 
wider area. 



NOISE 



No impacts. 



Same as for recirculating 
towers during construction. 
Noise levels from operation 
would be less than for 



reci rculdtiny towers 



Temporary i ncreases 
in noise levels during 
constructi on . Noi se 
from operation less 









about 150 meters from 
towers. 



/ 



Table S-K 



Comparison of the Impacts of the No-Action Alternative to the Combined Impacts 
of the Once-Through Cooling Towers (Preferred Alternative) and Recirculating 
Cooling Towers for K- and C-Reactors {page 5 of 5) 



Impacts 



ARCHAEOLOGICAL AND 
HISTORIC SITES 



RADIOLOGICAL 



U3 

l 

N5 



Mo Action 



Once-Through 

Cool ing Towers 

(Preferred Alternative 13 } 



Recirculating 
Cool i ng Towers c 



No impacts 



The cumulative maxi- 
mum individual effec- 
tive whole-body dose 
from SRP and planned 
facilities would con- 
tinue at about 3.3 
mi 1 1 i rem per year. 
The total collective 
effective whole-body 
dose to the regional 
population and down- 
stream water users 
would be about 81 
person-rem per year; 
about 0,074 percent 
of natural back- 
ground. 



One small nonsignificant 
prehistoric site near Four 
Mile Creek would be dis- 
turbed during construction. 



Annually, about 100 addi- 
tional Ci of tritium would 
be released to the atmos- 
phere and about 100 less Ci 
of tritium would be dis- 
charged to the streams. 
The maximum individual 
effective whole-body dose 
would decrease by 2.3 x 
10 _il millirem per year. 
The total collective effec- 
tive whole-body dose to the 
regional population and 
downstream water users 
would decrease by 0,055 
person-rem per year. The 
dose changes are very small 
compared with existing 
operations and natural 
background radiation. 



Same si te would be 
disturbed near Four 
Mi le Creek as wi th 
the once-through 
towers . 

Annually, about 8S0 
additional Ci of 
tri ti urn would be 
released to the atmos- 
phere and about 850 
less Ci of tritium 
would be discharged to 
the streams. In addi- 
tion, a calculated 
decrease of about 
0.33 curie of cesium 
per year would 
resul t from reduced 
flows. The maximum 
i ndi vi dual effective 
whole-body dose would 
decrease by 0.19 
mi 1 1 i rem per year. 
The total collective 
effective whole-body 
dose to the regional 
popul ati on and 
downstream water 
users would decrease 
by 1.1 person~rem per 
year. The dose 
changes are very 
small compared with 
existing operations 
and natural 
background radiation. 



a. No action is defined as the continuation of existing operations of K- and C-Reactors. 

b. The preferred alternative is to construct and operate once-through gravity feed, natural 
draft cooling towers) for K- and C-Reactors. 

c. The alternative is to construct and operate recirculating cooling towers for K- and 
C-Reactors. 



Table S-2. 



Comparison of Potential Environmental Impacts in Reach l a 
of Pen Branch System (page 1 of 2) 



Alternative cooling water system 



Parameter 



No action 



Once-through 
coolina tower 



Reci rculating 
coolina towers 



Natural 
stream^ 



Fl ow (vari ation) , 
m 3 /sec 



11.3 (1-11.3) 



10.5 (1-10.5) 



1 (0.2-1) 



0.03 (natural) 



Temperature (°C) 
Maximum/ T 



75/48 



32/11 



30/6 



27/0 



Vegetation 
Aquati c 



I 

ro 

N3 



Ri pa nan 



Thermally tolerant 
algae only. 



Not present oue to 
hi gh temperatures. 



Macroi nvertebrates 



Not present due to 
hi gh temperatures . 



Limited macrophyte 
development due to 
high flows. 



Limited development 
and distribution 
due to high flows. 



Limited abundance 
and diversi ty due 

+■ r\ f 1 rtuc * Q3i*li] 

iu i lung, to i t y 

emergence due 
to T greater than 
5°C; stranding 
could occur due to 
changing flow 
rates from reactor 
operations . 



Increased macrophyte 
devel opment , but 
less available habitat 
compared to once- 
through system due to 
lower flows. 



riajor increase in 
available habitats; 
shrub/herb community; 
greater species 
diversity than once- 
through system. 

Less available habitat 
than once-through sys- 









higher density; greater 
diversi ty , reduced 
potential for early 
emergence, little 
chance of stranding 
due to more stable 
flows . 



Less available 
habitat, greater 
macrophyte species 
diversity, than 
reci rculati ng 
system due to low 
natural flows. 

Highest species 
diversi ty ; 
invasion by some 
nonwetland speci es 



Least available 
habi tat due to 

IdJU^dEU Tf LI U C I 

volume compared to 
reci rculating 
system. Highest 
species diversity, 
no potential for 
early emergence. 



Table S-2 . 



Parameter 



Fish 



C/3 

I 

to 



Comparison of Potential Environmental Impacts in Reach l a 
of Pen Branch System (page 2 of 2) 



Alternative cooling water systems 



No action 



Endangered species 
(wood stork) 



Waterfowl 



Limited utilization 
by heat-tolerant 
mosqui tofi sh during 
reactor outages; 
no spawning by any 
sf»eci es due to 
excessive water 
temperatures; 
however, limited 
spawning could 
occur during 
long shutdowns; not 
util ized by anadro- 
mous and/or riverine 
speci es , 



No uti 1 i zation - 
lack of suitable 
habitat . 

No uti 1 i zation - 
lack of suitable 
habitat. 



Once-through 
cool ing tower 



Presence of species 
with high flow 
tolerance ( i .e, , 
minnows, suckers, 
darters); 1 imi ted 

cnawninn Huo +■ 1-1 

fast flow, high 
gradient, and 
channel i zed banks . 
Limited utiliza- 
tion by anadromous 
or riverine species, 



No util izati on - 
lack of suitable 
habitat. 

Very 1 ow uti 1 i- 
zation - lack of 
sui table habi tat. 



Reci rcul ati ng 
cool i ng towers 



Natural 
stream b 



Maximum development of 
limited fish habitat 
and communities; 
highest fish biomass 
potential for this 

■ coin, myntrr ipawn log 

per unit area than 
once-through system 
due to reduced flows. 
However, access to 
this reach by fish 
from downstream reaches 
2 or 3 is unl i kely 
due to reduced flows, 
shallow water depths 
and development of 
dense stands of aquatic 
vegetation in these 
reaches. 

No uti 1 izati on - 
lack of suitable 
habi tat. 

Very 1 ow uti 1 i- 
zation - lack of 
suitable habitat. 



Less avai 1 abl ° 
habitat due to 
reduced water 
volume and less 
spawning success 
than reci rculati ng 
system. Access to 
this reach from 
downstream reaches 
2 or 3 would also 
be limited due to 
reduced flows, 
shal 1 ow water 
depth, and devel- 
o n men t of dense 
stands of aquati c 
vegetation within 
these lower 
reaches. 

No uti 1 i zation - 
lack of suitable 
habitat . 

Very low util i- 
zation - lack of 
suitable habitat. 



. u. V W I 



a. Reach 1 comprises approximately 1 percent of the Pen Branch svstem that is inflnsnrpri hu roar*™ 
operation. * J 

b. Stream system expected within a 15-year period after reactor operations cease. 



Table S-3. 



Comparison of Potential Environmental Impacts in Reach 2 a 
of the Pen Branch System (page 1 of 2) 



Parameter 



flow (variation) , 
mVsec 

Temperature (°C) , 
Maximum/ T 



Alternative cooling water system 



No action 



11.5 (1.17-1K5) 
63/30 



Once-through 
cooling tower 



10.7 (1.17-10.7) 



32/6 



Reci rculating 
cooling towers 



1.17 (0.2-1.17) 



29/3 



Natural 
stream* 



0.17 (natural) 



26/0 



vegetation 
Aquatic 



on 
i 






Mac roin vertebrates 



Thermally tolerant 
algae only. 



Isolated communi— 
ties limited to 
sandbars and stumps 
due to high flows 
and temperatures. 



Minimal use by 
thermally tolerant 
speci es (e.g . , 
oiigochaetes and 
nematodes} . 



Limited macrophyte 
development due to 
high flows; more 
available habitat 
than i n Reach 1 . 



I sol a ted communi - 
ties 1 i mi ted to 
sandbars and stumps 
due to high flow. 



Greater abundance 
and diversity than 
i n Reach 1 ; moderate 
potential for early 
emergence due to T; 
stranding possible 
due to variable flow 
rates from reactor 
operations , 



Increased macrophyte 
development over 
once-through system, 
but less available 
habitat due to reduced 
flows, 

Maior increase in 
available habitats; 
shrub/herb communi ty 
development ; greater 
species diversity 
due to reduced flows. 

Moderate improvement 
in available habitat 
over those i n Reach 1 
due to downstream 
reductions in flow 
and temperature. 
Some potential for 
early emergence . 
Li ttle chance of 
stranding due to more 
stable flows. 



Less available 
habitat due to re- 
duced flow vol ume , 
greater diver- 
sity than once- 
through system. 

Highest species 
diversity; 
invasion by some 
nonwetl and 
species. 



Least amount of 
available habitat 
due to reduced 
water volume; 
highest species 
density; no 
potential for 
early emergence 
or stranding. 



Table S-3. 



Parameter 



Fish 



I 
ro 



Comparison of Potential Environmental Impacts in Reach 2 a 
of the Pen Branch System {page 2 of 2) 



No action 



L i mi ted habi tat 
improvement over 
Reach 1; brief 
utilization by fish 
daring reactor 
shutdowns * no 
spawning duri ng 
reactor operations; 
some spawning could 
occur during long 
shutdowns. 



Alternative cooling water systems 



Once-through 
Cool i ng tower 



Reci rculating 
cool ing towers 



Natural 
stream b 



Moderate improve- 
ment in habitat 
condi tions (i.e., 
reduced tempera- 
tures and flows) 

1 ; presence of 
flow-tolerant 
species; increased 
spawning; limited 
uti 1 i zation by 
anadromous species 



Moderate improve- 
ment in habitat 
condi tions over 
those in Reach 
1 ana 1 once-through 

n.r^rtmf j-J . . ^v i. _ 

jjsttrnn uuc tu 

reduced temperatures 
and flows in upper 
reach. Reduced 
uti 1 ization and 
spawning near delta 
due to reduced flows 
in shallow depths and 
development of dense 
vegetation, which would 
limit potential access 
by anadromous and/or 
riverine species to 
upper part of Reach 2 

i.nr4 4- n D^-,r-k 1 



Endangered species No utilization due No utilization due Very low utilization, 
{wood stork) to excessive temp- to flows and exces- 

eratures and flow, sive water depth. 



Waterfowl 



No uti 1 izati on . 



Moderate utilization Moderate utilization, 
in backwater areas. 



Less ava i 1 abl e 
habitat and spawn- 
ing success than 
reci rcul ati ng 
system, limiting 
access by anadro- 
mous and/or riverine 
species to upper 
reaches due to 
reduced flows and 
dense vegetation. 



Very low uti 1 i- 
zation due to 
■reduced flows and 
dense vegetation. 

Moderate uti 1 i- 
zation. 



a. Reach 2 comprises approximately 10 percent of the Pen Branch system that i~s influenced bv reactor 
operations, 

b. Stream system expected within a 15-year period after reactor operations cease. 



Table S-4. 



Comparison of Potential Environmental Impacts in Reach 3 1 
of the Pen Branch System {page 1 of 2) 



Alternative coolina water svstem 



Parameter 



No action 



Once-through 
cooling tower 



Recirculating 
cool i ng towers 



Natural 
stream b 



Flow (variation), 
m 3 /sec 



Highly variable; 
strongly influenced 
by Savannah River 



Highly variable; 
strongly influenced 
by Savannah River 

£!-.._ L, ^1 _. . j _T j. -» 
I lUWb UCIIJW UtM LCI . 



Highly variable; 
strongly influenced 
by Savannah River 



r i uwi ue i uw 






Highly variable; 
strongl y influenced 
by Savannah River 



Temperature (°C) 
Maximum/ T 



51/14 



31/1 



29/0 



30/0 



Vegetation 
Aquatic 



C/3 

f 



Thermally tolerant 
algae and bacteria 
only. 



Submerged macro- 
phytes limited to 
edge of del ta and 
lower braided stream 
area; extensive 
where present. 



Less available 
habi tat than wi th 
once-through system; 
greater abundance 
due to reduced flow 
and stable water 
depth. 



Less available habi- 
tat than wi th 
reci rcul at i ng 
system; dense 
concentrati ons . 



Riparian 



Delta - Thermally 
tolerant herbaceous 
flora. 



Delta - Herbaceous 
marsh present; 
should extend into 
the cypress/tupelo 

dip-off arpa. 



Del ta - Herbaceous 
marsh present but 
less extensive than 
once-through system; 
some shrub species 
present; old-field 
species would occur 
in drier areas. 



Del ta - Greater 
development of old- 
field communi ty ; 
less marsh and 
shrub vegetation 
than reci rculating 
system; develop- 
ment of nonwetland 
species. 



Macroinvertebrates 



Swamp - Cypress/ 
tupelo community. 

Greater community 
j^ i j. . . j. i -_ 

uivei ii iy k-i*cm i ii 

Reach 2; dominated 
by thermally 
tolerant species 
(e.g. , ol igochaetes 
and nematodes) . 



Swamp - Cypress/ 
tupelo communi ty. 

Great increase in 



u i vers i i_y 



i 

OLIIU 



abundance over no 
action due to 
temperature 
reduction; strand- 
i ng due to variable 
flows limited to 
delta area (swamp 



Swamp - Cypress/ 
tupelo community. 

Less available 



naf i v. a l 



u.. x 

ULf L 






qual i ty than wi th 
once-through system 
due to reduced flows; 
great increase in 
di versi ty and 
abundance over no 
action; little chance 



Swamp - Cypress/ 
tupelo community. 

Less available 

HUM r tOL k.HOip fc^ii — 

culating system; 
similar in abundance 
and diversity; 
little chance of 
strandi ng due to 
more stable flows. 



Table S-4. 



Parameter 



f l il l 



CO 
I 



Comparison of Potential Environmental Impacts in Reach 3 a 
of the Pen Branch System (page 2 of 2) 



Alternative cooling water system 



No action 



un ly inerma i i y 
tolerant species 
near del ta; brief 
utilization by fish 
during reactor shut- 
downs; 1 imi ted 
utilization and 
spawning by anadro- 
mows species in 



innor cw^mn H 



to high temperatures. 



Once-through 
cooling tower 



Reci rculating 
cooling towers 



I i_ y 1,1 ■ v v V Kt 



f 1 QW. T C 

by Savannah River); 
no early emergence 
expected. 

Habitat greatly 
improved over 
Reach 2; i ncreased 
spawning success, 
utilization, and 
access by anadromous 
and riverine species 
due to reduced 
temperatures . 



I-l -F C-t-vnt-ll-l%tf*,n .-J . . ,-. Art 

u i jli aim iny uutr lu 

more stable flows. 



Reduced utilization 
and spawning in delta 
area due to reduced 
flows, shallow water 
depth, and development 
of dense vegetation, 
which would 1 imi t 
potential access to 
upper reaches, Habi- 
spdwn i ng 



4- -** f n 



-. « J 
anu 



nursery areas in swamp 
depends on periodic 
flooding by Savannah 
River. 



Natural 
stream 6 



Less available 
habitat and 
spawning success 
than reci rculati ng 
system due to 
reduced flow and 
extensive vegeta- 
tion in delta area 
Swamp uti 1 ization 
si mi lar to that 
for recirculating 
system. 



Endangered species 
(Wood Stork) 



Waterfowl 



Very 1 ow uti 1 i- 
zation due to 
excessive temper- 
atures and flow. 



High to moderate 
uti 1 izati on , 
particularly 
below the delta. 



Very low util i- 
zati.on in delta 
area due to flows. 



High to moderate 
uti 1 i zation of 
all alternatives 
due to reduced tem- 
peratures near delta 



Increased utilization 
for feeding due to 
reduced flows in delta 
area; this would 
decrease as vegeta- 
tion invades. 



Moderate util ization; 
less than with 
once-through system 
due to less available 
habitat from flow 
reduction near delta 
and extensive 
vegetation. 



L imi ted uti 1 ization 
due to reduced 
flows in delta area. 
Decreased use due to 
vegetati on i nvasi on , 
which would be more 
rapid than for re- 
ci rculating system. 

Moderate to low 
uti 1 i zati on due to 
less available 
habitat and less 
use than with 
once-through system 
doe to extensive 
vegetation. 



a. Reach 3 comprises approximately 89 percent of the Pen Branch system as utilized for the HEP analvsis 
(Mackey et a! . f 1987). 

b. Stream system expected within a 15-year period after reactor operations cease. 



Impacts On Reach 1 

Reach 1 extends from the K-Reactor outfall down Indian Grave Branch to its 
confluence with Fen Branch and on to SRF Road A; it encompasses approximately 
1 percent (11 of 1100 acres) of the portion of the Pen Branch system that is 
influenced by K-Reactor Cooling Water discharges, as utilized for HEP analysis 
(Mackey et al . , 1987)* In this reach, the stream is highly channelized and 
has its highest gradient, water temperatures, and flows. 

With the no-action alternative, highly thermally tolerant species of algae 
would be the only biota to occur, in limited areas* No spawning activity 
would occur during reactor outages; limited spawning could occur during long 

*-^ rt ^ *-rt v c+ 1-t » * \- A /-■, i.:m c Ki «l- t-Vn=k eiirnocc r\9 t"Vifc» c naufl unn1/1 Kp unfinrp . 

With the once- through cooling tower alternative, communities of aquatic and 
riparian vegetation should develop, but the areal extent, abundance, and 
species diversity would be limited due to the presence of high and variable 
cooling water flows. The early emergence of some macro invertebrate species 
could . occur because of the elevated water temperature; stranding of some 
macro invertebrate communities could occur as a result of reactor-induced 
variations in f low. The fishery community would be limited in size and 
dominated by species with high flow tolerance (i*e* , minnows, suckers , and 
darters). Spawning by fish would be extremely limited due to fast flow, high 
stream gradient, and channelized banks* The utilization of Reach 1 by 
anadromous and riverine species would be limited due to its distance (6 to 8 
kilometers) from the Savannah River. 

With the recirculating cooling- tower alternative, an increase in the areal 
extent and diversity of riparian vegetation would occur in comparison with 
those for the once-through system. An increase in the areal extent of aquatic 
macrophytes also would occur, but, because of the reduced water flows to be 
experienced with this alternative, the total available habitat would be 
reduced* Less habitat would be available for macroinvertebrate communities , 
but the abundance per unit area would be comparable to that for the once- 
through system. Species diversity would be greater and the potential for 
early emergence of macroinvertebrate species would be reduced over that for 
the once-through system because of reduced temperatures. The more stable 
water flows would produce little chance of stranding of macroinvertebrates. 
The reduced flow associated with this system would limit the areal extent of 
available habitat for fish; however, this habitat would be of higher quality 
than that for any of the alternatives * This alternative would provide the 
highest potential standing crop of fish of the alternatives; higher spawning 
per unit area should occur than with the once-through system. However, access 
to this region by anadromous or riverine fish species from Reaches 2 and 3 is 
unlikely due to reduced flows, shallow water depth, and development of dense 
stands of aquatic vegetation. 

The complete cessation of reactor operations (i.e., a return to natural stream 
conditions) would provide less available habitat for aquatic vegetation and 
macroinvertebrates than the recirculating coo Ling- tower alternative due to a 
further reduction in water flows. Riparian areas would be colonized by some 
nonwetland vegetation. However, the species diversity of these communities 
would be the highest of all identified alternatives* No potential would exist 
for the early emergence of any macroinvertebrate species . Less habitat would 
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be available for fish, and spawning success would be less than that for the 
recirculating system due to lower flows . In addition, access to this region 
by fish from downstream Reaches 2 and 3 would be unlikely due to reduced 
flows, shallow water depths, and the expected development of dense stands of 
aquatic vegetation. 

The stream gradient and flows of Reach 1 would not provide suitable habitat 
for the endangered wood stork or for waterfowl with any alternative. 

Impacts On Reach 2 

Reach 2 extends from SRP Road A to the Pen Branch delta. This reach 
encompasses approximately 10 percent (110 of 1100 acres) of the Pen Branch 
system that is influenced by reactor cooling water discharges, as utilized for 
the HEP analysis (Mackey et al. , 1987) . In this reach, the stream is wider 
and less channelized, and has less gradient than in Reach 1; shallow 
backwaters occur in some areas . 

The high flows and temperatures expected in Reach 2 (Table S-3) with the 
selection of the nonaction alternative would allow the occurrence only of 
isolated communities of riparian vegetation (limited to sandbars and stumps ) ; 
aquatic vegetation would be limited to thermally tolerant algae. Thermally 
tolerant macroinvertebrate species would make minimal use of the reach- Only 
limited improvement in the quality of fish habitat would be expected over the 
conditions described for Reach 1* Utilization by fish would be limited to 
brief reactor shutdown periods. No spawning would occur during reactor 
operations ; however, limited spawning could occur during long shutdowns * The 
high flows and temperatures would preclude the use of this reach by the 
endangered wood stork and waterfowl. 

The once-through cooling-tower alternative would reduce water temperatures 
below those for no action, but flows would remain high and variable (Table 
S-3) . The high flows would limit riparian vegetation to isolated communities 
on sandbars and stumps. Limited macrophyte development would occur in 
backwater areas of reduced flow; more total habitat would be available than in 
Reach 1. The macroinvertebrate community would have greater species diversity 
and abundance in comparison to Reach 1 . Some early emergence should occur 
with some macroinvertebrate species , due to elevated temperature ; some 
stranding of portions of the macroinvertebrate community could occur due to 
reactor-influenced flow variations* A moderate improvement in fish habitat 
conditions over those in Reach 1 would occur due to downstream reductions in 
temperature, gradient, depth, and flows; this should provide the greatest 
occurrence of flow-tolerant species and more moderate spawning activity within 
the reach. Use of this reach by anadromous species would be limited. The 
endangered wood stork would not use Reach 2, but limited habitat would 
probably be available for waterfowl in backwater areas. 

With the recirculating cooling- tower alternative, reduced flow and temperature 
would provide an increase in riparian habitat (i . e «. , development of a 
shrub/herb community) and greater species diversity in Reach 2 . Reduced flows 
would also enable greater aquatic macrophyte development to occur in compari- 
son to the once-through alternative; however, less total habitat area would be 
available . A moderate improvement would occur in habitat available for the 
macroinvertebrate community, in comparison to that expected in Reach 1 with 
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this alternative and to the once- through alternative, as a result of 
reductions in temperature and flow. Early emergence of mac roinverteb rate 
species would not occur. The reduced flows and temperatures would also 
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however, the reduced water flows and the increased development of vegetation 
in the lower portions of the reach probably would cause reduced use and 
spawning in the shallow areas of the delta. Access by fish to the upper 
portion of Reach 2 and to Reach 1 could become limited due to reduced flows 
and dense vegetation development. Limited use of this reach by the endangered 
wood stork and waterfowl would occur. 

With a complete cessation of reactor cooling water flows (natural stream 
conditions) , the reduced water volumes in the stream would cause further 
reductions in available habitat for aquatic vegetation, macro invertebrates, 
and fish in comparison to the recirculating cooling- tower alternative (Table 
S-3). However, species diversity of the aquatic and riparian vegetation and 
macroinvertebrate communities would be greater in areas where habitat is 
available. There would be no potential for early emergence of any macroinver- 
tebrate species * and reactor-influenced stranding would not occur. The 
reduced water volumes would cause the present riparian habitat to be colonized 
by nonwetland species. The reduced flows and increased density of vegetation 
would limit fish access to the upper reaches of the stream and, thus , limit 
overall use and spawning. The endangered wood stork would not use Reach 2, 
but limited use by waterfowl would occur. 

Impacts On Reach 3 

Reach 3 of the Pen Branch system, as utilized for the HEP analysis (Mackey et 
al, 1987) extends from the Pen Branch delta approximately 2 kilometers into 
the Savannah River swamp; it encompasses approximately 89 percent (988 of 1100 
acres) of the Pen Branch system. However, approximately 40 percent of this 
reach is considered to be n art of the Savannah River Sw&mn and* therefore ¥ is 
not influenced by reactor operations (Mackey et al . , 1987)* In Reach 3 the 
stream is highly braided; the gradient is the lowest of all the reaches; sheet 
flow is prevalent; and water flows are extremely variable , influenced 
primarily by periodic Savannah River flooding. The following discussion for 
each alternative considers only the portion of Reach 3 that potentially is 
influenced by reactor operations. 

With the no-action alternative, aquatic vegetation would be limited to 
thermally tolerant algae and bacteria (Table S-4) . Riparian vegetation in the 
delta probably would consist of thermally tolerant herbaceous flora; in the 
swamp, the cypress-tupelo community would predominate. The macroinver- 
tebrate community would be more diverse than that in Reach 2, but it would be 
dominated by thermally tolerant species (e . g * , Oligochaetes and Nematodes ) . 
Only thermally tolerant fish species would occur in the delta area* Brief use 
by some species would occur during reactor shutdowns. In the swamp, high 
temperatures would limit use and spawning by anadromous species , The 
endangered wood stork would not use Reach 3 with this alternative; however, 
extensive use by waterfowl should occur, particularly below the delta. 

With the once- through cooling-tower alternative, submerged macrophytes should 
develop, but their distribution would be limited to the edge of the delta and 
the lower sections of the braided-stream area; in this area, high abundance 
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would occur* Herbaceous marsh should develop in the riparian areas of the 
delta, while the cypress-tupelo community would predominate in the swamp* As 
a result of the large reduction in water temperatures, a substantial increase 
in macroinvertebrate community diversity and abundance would occur in 
comparison to the no-action alternative. No early emergence of any species 
should occur, and stranding due to variable flows would be limited to the 
delta area because flow in the swamp is influenced strongly by Savannah River 
flows. Because of lower flows and temperatures , fish habitat should be 
greatly improved over that present upstream; much greater use and spawning 
success would occur* Some access to Reach 2 would be available for anadromous 
and other species . Because of high flows , the endangered wood stork probably 
would not use this reach for foraging; however, because of lower water 
temperatures, waterfowl should use the delta area to a greater extent than 
they would for the no-action alternative* 

Less aquatic vegetation habitat would be available with the recirculating 
cooling-tower system than with the once-through alternative (Table S-4), 
However, the reduction in flow and the resultant decrease in water depths 
would provide greater vegetation abundance in the areas of occurrence* In the 
delta area, herbaceous marsh should occur but in less abundance than with the 
once- through alternative; shrub species would also be present and old-field 
species would occur in the drier areas. In the swamp, the cypres s-tupelo 
community would predominate. Less macroinvertebrate habitat would be 
available than with the once-through system, but the habitat would be of 
higher quality because of reduced, stable flows. A substantial increase in 
macroinvertebrate community diversity and abundance would occur, and there 
would be little chance of stranding due to the more stable flows* Fish use 
and spawning would be reduced in the delta area as a result of the reduced 
flow, shallow water depths , and increased densities of vegetation, all of 
which could also limit access to the upper stream reaches . In the swamp , a 
high-quality habitat for spawning and nursery functions would occur as a 
result of the influence of the Savannah River on water levels . Use of the 
delta area by the endangered wood stork would increase as a result of reduced 
flows ; however, this eventually would decrease as revegetation of the area 
proceeds* Less habitat would be available in the delta for waterfowl in 
comparison to the once- through alternative because of flow reduction and the 
related revegetation of the area. 

With a complete cessation of reactor cooling water discharge (natural stream 
conditions ), less habitat would be available for aquatic vegetation than with 
the recirculating cooling-tower alternative* However, in the available areas , 
dense concentrations should occur* In the riparian areas of the delta, there 
would be greater development of an old-field community, with less marsh and 
shrub vegetation than with the recirculating alternative. In the swamp, the 
cypress-tupelo community would predominate. Less macroinvertebrate habitat 
would be available, but community diversity and abundance should be similar to 
those for the recirculating alternative. There should be little chance of 
macroinvertebrate stranding due to more stable flows. In the delta area, less 
fish habitat would be available and spawning success should be less because of 
reduced flow and revegetation effects that reduce aquatic habitat. However, 
in the swamp, fish use should be similar to that with the recirculating 
system. Limited use of the delta area by the endangered wood stork should 
occur; this would decrease at a more rapid rate than with the recirculating 
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alternative due to revegetation. There would be less use by waterfowl because 
revegetation would cause less available habitat . 

Table S— 5 summarizes and compares the environmental consequences of DGE's 
preferred cooling water alternative (i.e., increased flow with mixing), direct 
discharge to the Savannah River, and the no-action alternative for the D-Area 
powerhouse . 

FEDERAL AND STATE REQUIREMENTS 



Table S-6 lists the permits and other environmental approvals required for the 
implementation of cooling water alternatives for K- and C^-Reactors and the 
D-Area powerhouse and the current status of each requirement. 
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Table S-5. 



Comparison of the No Impact Alternative to the Impacts of the 
Increased Flow with Mixing (Preferred Alternative) and Direct 
Discharge Alternative for the D-Area Coal-Fired Powerhouse 
(page 1 of 3) 



Impacts 



No action 3 



en 

I 



SCHEDULE FOR 
IMPLEMENTATION 



PRELIMINARY COST CAPITAL 
(MILLION $) 

ESTIMATED OPERATING 
COST INCREASE 
(MILLION $ PER YEAR) 

SOCIOECONOMICS 



WATER WITHDRAWAL AND 
DISCHARGE RATES 



TEMPERATURE AND FLOW 
EFFECTS 



Current 



$0 
$0 



No additional work- 
force required. 

About 2.7 cubic 
meters per second 
would continue to 
be withdrawn from 
the Savannah River 
and discharged to 
Beaver Dam Creek. 



Increased flow 
with mixing 
{Preferred Alternative) 



Direct discharge 
to Savannah River 



Water temperatures in 
Beaver Dam Creek 
would continue to 
exceed the 32.2°C 
State Class B water 
classification stan- 
dard during periods 
from May through 



Current 



$0 
$0.03 



No additional work- 
force required. 

Withdrawal and dis- 
charge rates would be 
the same as for no 
action except when 
wi thdrawal and 
discharge rates each 
could be as high as 4.0 
cubi c meters per 
second to meet the 
32.2°C Class B water 
classification stan- 
dard . 

Water temperatures in 
the stream would meet 
the 32.2°C State 
Class 8 water classifi- 
cation standard; a 
Section 316(a) demon- 
stration study will be 
performed for exceed- 



Construction of this 
al ternati ve would 
require about 22 
months. 

$14 



$0,05 



Peak construction work 
force of 40 persons. 

Withdrawal and discharge 
rates would be the same 
as for no action; how- 
ever, thermal discharge 
would be directly to 
the Savannah River. 
All powerhouse thermal 
discharges would be 
removed from Beaver Dam 
Creek . 



In Beaver Dam Creek, 
water temperatures 
would be at ambient 
levels year-round. In 
the Savannah River, 
water temperatures 
beyond a mixing zone 
at the discharge point 



Table S-5. Comparison of the No Impact Alternative to the Impacts of the 
Increased Flo* with Mixing (Preferred Alternative) and Direct 
Discharge Alternative for the D-Area Coal-Fired Powerhouse 
(page 2 of 3) 



Impacts 



en 
I 

4> 



ENTRAPMENT/ 
IMPINGEMENT 



No action 3 



Increased flow 
with mixing 
(Preferred Alternative) 



Direct discharge 
to Savannah River 



September; water 
temperatures would 
al so exceed the maxi- 
mum ambient stream 
temperature rise 
standard of 2.8°C. 
Concentrations of 
suspended solids 
would remain 
slightly higher than 
in ambient streams. 
There would continue 
to be reduced numbers 
of aquatic organisms 
and spawning in the 
thermally affected 
areas of Beaver Dam 
Creek during the 
warmer months. 

Water wi thdrawal 
would continue to 
cause annual 
entrainment losses 
of about 2.0 x 
10 6 fish eggs and 
larvae and the loss 
of about 1718 fish 
due to impingement 
annual ly . 



ances of 2.8°C rise 
in ambient stream tem- 
perature. SI ight 
increases in suspended 
solids concentrations 
would occur during 
periods of increased 
flow. No major 
changes in aquatic 
fauna or floral 
communities would be 
expected to occur 
except that habitat 
area would increase 
during periods of 
increased flow. 



would meet the State 
Class B water quality 
classi f i cati on stan- 
dard of 32,2°C 
Low water levels 
in Beaver Dam Creek 
would greatly reduce 
existing aquatic habi- 
tat; however, the 
absence of thermal 
stress would allow full 
use of this habitat by 
aquatic organisms. 
Fish spawning would be 
1 imi ted because of 
reduced habitat. An 
adequate zone of 
passage would be 
present in the river. 
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Increased water with- Effects would be about 
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no action would action. 

increase annual 

entrainment losses by 

about 6.0 xlO 4 fish 

eggs and larvae and the 

loss of an additional 

113 fish due to 

impingement annually. 



Table 5-5 > 



Comparison of the No Impact Alternative to the Impacts of the 
Increased Flow with Mixing {Preferred Alternative) and Direct 
Discharge Alternative for the D-Area Coal-Fired Powerhouse 
(page 3 of 3) 



Tmnart c; 



Nrt arHnn a 



Increased flow 
with mixing 



Direct discharge 



TERRESTRIAL/WETLAND 
HABITAT 



AIR QUALITY 
ENDANGERED SPECIES 



us 
I 



ARCHAEOLOGICAL AND 
HISTORICAL SITES 



No impacts 



No impact. 

The adjacent swamp 
area would continue 
to be used by wood 
storks for foraging. 
No impact on other 
endangered speci es . 

No impacts. 



Operation would result 
in an estimated loss of 
about 4 acres of wet- 
lands and about 4 acres 
of uplands. 

No impact. 

Some decrease in wood 
stork foraging habitat 
during increased flow 
periods. No impacts 
on other species. 



One si te wi 1 1 be 
recommended for elig- 
ibility for nomination 
to the National Register 
of Historic Places . A 
"no effect" determina- 
tion issued by the SHPO. 



Construction would re- 
sult in an estimated 
loss of abotit 1 acre 
of wetlands and 5 
acres of uplands. 

No impact. 

Loss of much of the 
wood stork foraging 
habitat due to lowered 
water levels in Beaver 
Dam Creek. No impacts 
on other species. 

Survey of pipeline area 
revealed no historic 
sites. 



RADIOLOGICAL RELEASES 



No impacts. 



No impacts. 



No impacts. 



a. No action is defined as the continuation of existing operations of the D-Area coal-fired 
powerhouse. 
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Activi ty/facil i ty 



Requi rement(s) 



Agency 



Status 



Water 



Cool ing water 
systems 
construction 



Construction permits 



South Carolina Department of 
Health and Environmental 
Control , Industrial and 
Agricul tural Wastewater 
Divi sion 



To be submitted by 
September 30, 1988 : 
subject to the 
appropriation of 
funds by Congress 
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Engineers {COE) 






to construction 



Section 401 
certi f i cation 9 



South Carolina Department 
of Health and Environmental 

\,Ullll Ul , flV I3IUII Ul nDLCI 

Quality 



Requested by COE as 
part of the 



cuyc~ai iu^ i i i i 



permit process 



l 

0"\ 



Section 10 permit for 
structures in navigable 
waters" 

Permit for structures in 
in navigable waters* 



U,S. Army Corps of 
Engineers 



South Carolina Budget and 
Control Board 



To be submitted 
prior to con- 
struction 

To be submi tted 
prior to construc- 
tion 



Cool i ng water dis- 
charges 



NPDES permit 



South Carolina Department 
of Health and Environmental 
Control , Industrial and Agri- 
cultural Wastewater Division 



Issued; modi fi cat ion 
to permit conditions 
to be made prior to 
operation of 
selected cooling 
water system 



Compliance with delta 
2.8°C temperature 
requi rement 13 



Section 316(a) (thermal 
imoact) Demonstration 



South Carolina Department 
of Health and Environmental 
Control, Industrial and Agri- 
cultural Wastewater Division 



Plans for conducting 
studies to be sub- 
mi tted wi thi n 2 
months fol lowing 
project completion 



water use 



fins rf a r 1 \i 



ronnrt i nn 
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South Carol i na Water 
Resources Commission 



Rmtt i np repr>nrt<: will 
. , v ^ , . . . v . _ r „ . , - 

conti nue to be sub- 
mi tted 



Endangered species 



Consultation/ 
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U.S. Fish and Wildlife Service Consultations with 






Table S-6. Required Regulatory Permits and Notifications (page 2 of 2) 



on 
I 



Activity/facil ity 



Fish and Wildlife 
Coordination Act 



Migratory Bfrd 
Treaty Act 

Anadromous Fish 
Conservation 
Act 

Hi storic preservation 



Flood pi a ins/wet lands 



Requi rement(s) 



Consultation/ 
consi derati on 
of fish and wild- 
life resources 

Consultation with FWS 



Consultation with FWS 



Archaeol ogi cal survey 
and assessment 



Assessment and 
determi nation 



Agency 



Status 



U.S. Fish and Wildlife Service Consultations with 

FWS completed 



U.S. Fish and Wildlife Service Consultation with FWS 

completed 

U.S. Fish and Wildlife Service Consultation with FWS 

completed 



South Carolina Historic 
Preservation Officer 



U.S. Department of Energy 



Surveys and assess- 
ments completed; 
consultation with 
SHPO completed 

Notice published 
in Federal Regi ster 
(51 FR 10654) con- 
currently with 
notice of avail- 
ability of the 
draft EIS on 
March 28, 1986; 
determi nation pub- 
1 i shed after com- 
pletion of FEIS 



a, 
b. 

c. 



Applicable to the D-Area coal-fired powerhouse direct discharge alternative. 

Applicable to once-through cooling-tower alternatives for K- and C-Reactors and the increased pumping 

alternative for the D-Area coal-fired powerhouse. 

Refer to Appendix F. 
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ENVIRONMENTAL IMPACT STATEMENT 

The implementation of cooling water systems for major sources of thermal 
effluents at the Savannah River Plant (SRP ) is needed for compliance with the 
Clean Water Act and a Consent Order (84-4-VJ), dated January 3, 1984, and 
amended August 27, 1985, and August 31, 1987, between the U.S. Department of | T C 
Energy (DOE) and the South Carolina Department of Health and Environmental 
Control (SCDHEC) , The purpose of this environmental impact statement is to 
address the potential environmental consequences of constructing and operating 
alternative cooling water systems for thermal discharges from K- and 
C-Reactors and from a coal-fired powerhouse in D-Area as input to the 
selection and implementation of such systems. 

1.1 NEED 

The Savannah River Plant is a con t rolled-access area of approximately 780 
square kilometers (192,700 acres) near Aiken, South Carolina. It is a major 
DOE installation established in the early 1950s for the production of nuclear 
materials for national defense. Plant facilities , which can be characterized 
as heavy industry, consist of five production reactors (four operational and 
one in standby status) , electrical and steam generating plants , two chemical 
separations facilities , fuel and target fabrication facilities , research lab- 
oratories, and support and administrative facilities. 

The major sources of thermal effluents at the Savannah River Plant are the 
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powerhouse . Two of the currently operating production reactors , K— and 
C-Reactors, discharge their cooling water directly to Pen Branch and Four Mile 
Creek, respectively. The coal-fired powerhouse in D-Area normally discharges 
cooling water from cooling-system condensers into an excavated canal that 
flows into Beaver Dam Creek. 

The thermal effluent from P -Reactor is cooled by an onsite 2700-acre cooling 
lake, Par Pond* DOE conducted Section 316(a) and 316(b) studies, as required 
by the Federal Water Pollution Control Act, as amended (33 USC 1326), and 
submitted the results of these studies to SCDHEC. On May 14, 1987, SCDHEC 
concurred with DOE 1 s conclusions that balanced indigenous populations of fish, 
shellfish, and wildlife presently exist in Par Pond and that the present 
operations of P-Reactor pose no threat to the continued existence of a 



balanced indigenous biological contmunitv. L-Reactor discharges its coolin^ 
water to a 1000-acre cooling lake . Predictive Section 316(a) studies 
indicating the probable existence of balanced biological communities within 
and below the cooling lake have been submitted to, and approved by, SCDHEC. 
The restart of L-Reactor and the cooling lake are discussed extensively in the 
Environmental Impact Statement, L-Reactor Operation, Savannah River Plant 
(DOE, 1984a) . More detailed discussions of P- and L-Reactors are not within 
the scope of this EIS. 
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A renewed NPDES permit (Number SCOOOOI75) issued by SCDHEC became effective on 
January 1, 1984, for SRP operations. The purpose of this permit was to 
regulate the Plant j s discharges of wastewater - including cooling water - to 
surface streams and other water bodies. As stated in the permit, cooling 
water discharge temperature limits for K- and C-Reactors and the D-Area 
powerhouse are not to exceed an instream temperature after mixing of 32.2°C; 
in addition, the effluent must not raise the temperature of the stream more 
than 2.8°C above its ambient temperature unless the maintenance of a 
balanced biological community can be determined by a Section 316(a) 
demonstration study- 
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entered into a mutually agreed-on Consent Order (84-4-W). This order tempo- 
rarily superseded the temperature requirements in the NPDES permit and estab- 
lished a process for attaining compliance* Key elements of this process 
required DOR to: 



Complete a "Comprehensive Cooling-Water Study 1 
of operations at the Savannah River Plant 



of the thermal effects 



Complete and submit a Thermal Mitigation Study to SCDHEC 

Submit and actively support funding requests to accomplish any actions 
resulting from the Thermal Mitigation Study 

Undertake work on the alternatives approved by SCDHEC, under a sched- 
ule to be established in an amendment to the Consent Order, subject to 
the appropriation of funds by Congress 



In compliance with the Consent Order, DOE submitted a Thermal Mitigation Study 
(DOE, 1984b ) to SCDHEC on October 3 , 1984; the Comprehensive pooling— Water 
Study, Annual Report (Du Pont, 1985) was submitted in July 1985* 
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On August 27 \ 1985, DOE and SCDHEC mutually agreed on an amendment to Consent 
Order 84-4-W of January 3, 1984, that established a compliance schedule for 
the completion of National Environmental Policy Act (NEPA) documentation by 
December 31, 1986. This amendment also established an implementation schedule 
for the start of construction of a selected cooling water system for C-Reactor 
on or before September 30, 1987, and completion of construction on or before 
March 31, 1989, The amendment established the date for the start of 
construction of a system for K-Reactor on or before September 30, 1987, and 
completion of construction on or before July 31, 1989. The Consent Order also 
established March 31* 1987, as the date by which DOE must submit a plan of 
study and an approvable schedule for the implementation of a cooling water 
system for the D-Area powerhouse* In compliance with the Amended Consent 
Order, DOE published a Notice of Availability (51 FR 10652) and submitted a 
copy of the draft environmental impact statement (EIS) to SCDHEC on March 28, 
1986, 
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On October 29, 1986, DOE and SCDHEC mutually agreed that it would be necessary 
to change the schedule in the Amended Consent Order. DOE requested this 
change to respond to comments received from SCDHEC and the U.S. Environmental 
Protection Agency on the draft EIS. On August 31, 1987, DOE and SCDHEC 
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mutually agreed on a second amendment to the Consent Order, which established 
a compliance schedule For the completion of NEPA documentation by October 31, 
--w. • The second amendment also specified that on or before September 30 , 
1988, DOE must submit plans and specifications to SCDHEC for the K-Reactor 
mitigation alternative subject to the authorization of and appropriation of 
funds by Congress. In addition, this amendment established an implementation 
schedule for the start of construction of a selected cooling water system for 
K-Reactor on or before February 28, 1990, and completion of construction on or 
before December 31, 1992. The amended Consent Order also established 
March 31, 1988, as the date by which DOE must submit a plan for a Section 
316(a) demonstration study and an approvable schedule for the implementation 
of a cooling water system for the D-Area powerhouse. In addition, the amended 
Consent Order stated that DOE shall notify SCDHEC immediately upon 
determination that C-Reactor is to restart and propose a timely schedule for 
construction of its thermal mitigation alternative. 
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Implementation of cooling water system alternatives at K- and C-Reactors and 
the D-Area coal-fired powerhouse is needed for compliance with South Carolina 
water classification standards [as contained in the NPDES permit (Number 
SC0000175)], and Consent Order 84-4-W between DOE and SCDHEC. 

1*2 PURPOSE 

The purpose of this environmental impact statement is to address the potential 
environmental consequences of constructing and operating cooling water systems 
for thermal discharges from K- and C-Reactors and from the coal-fired power- 
house in D-Area in compliance with Section 102(2)(C) of the National Environ- 
mental Policy Act of 1969, as amended, and to provide input into the selection 
and implementation of such systems. 

The proposed action is to construct and operate cooling water systems for 
K- and C-Reactors and the D-Area powerhouse to attain compliance with the 
State of South Carolina's Class B water classification standards. DOE's 
preferred alternatives are to construct and operate once-through cooling 
towers for the K- and C-Reactors, and to implement increased flow with mixing 
for the D-Area powerhouse* 

This EIS considers three cooling water alternatives each for K- and C-Reactors 
and three alternatives for the D-Area powerhouse. The alternatives for K- and 
C-Reactors are the construction and operation of once-through cooling towers; 
the construction and operation of recirculating cooling towers; and the con- 
tinuation of direct discharge - or no action [as required by the Council on 
Environmental Quality for Implementing the National Environmental Policy Act 
(40 CFR 1502.14)]. The three alternatives for the D-Area powerhouse are to 
increase the inlet water flow to the D-Area raw-water basin; to implement 
direct discharge to the Savannah River; and to continue the present opera- 
tion - or no action. 
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This EIS describes the 

Savannah River Plant environment (Chapter 3 ) , and assesses the potential 
environmental consequences of construction and operation of alternative cool- 
ing water systems, including cumulative and unavoidable and irreversible 
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impacts (Chapter 4) * Chapter 5 discusses Federal and State of South Carolina 
regulatory requirements/permits and studies and monitoring programs that are 
applicable to the construction and operation of the cooling water systems. 

Eight documents published in the last 3 years are relevant to an understanding 
of the potential environmental effects of the construction and operation of 
alternative cooling water systems: 



Environmental Impact Statement, L-Reactor Operation, Savannah River 
Plant, Aiken, South Carolina (DOE, 1984a) describes alternative 
cooling water systems for L-Reactor and the potential environmental 
effects of these systems on the Savannah River and the onsite swamp 
system. 

Thermal Mitigation Study - Compliance with the Federal and South 
Carolina Water Quality Standards , Savannah River Plant , Aiken, South 
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water alternatives for K- and C-Reactors and the D-Area powerhouse. 

The Comprehensive Cooling-Water Study Annual. Report and Final Report, 
Savannah River Plant, Aiken, South Ca rolina (Du Pont, 1985; 1987) 
evaluates the environmental effects of the intake and release of 
cooling water on the structures and functions of aquatic ecosystems at 
the Savannah River Plant, including water quality, radionuclide and 
heavy metal transport , wetlands ecology , aquatic ecology, and 
endangered species. 
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Draft Environmental Impact Statement, Alternative Cooling Water 
Systems, Savannah River Plant, Aiken, South Carolina (DOE, 1986) 
describes alternative cooling water systems for K- and C-Reactors and 
the D-Area powerhouse and the potential environmental effects of these 
systems on the Savannah River and the onsite streams. 
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Impingement and Entrainment at the River Water Intakes of _the Savannah 
River Plant (DOE, 1987) summarizes the impact of withdrawing Savannah 
River water for secondary cooling of SRF nuclear reactors and a large, 
coal-fired, stream generation facility on the Savannah River fisheries* 

Chi orinat ion/ Dechlorination Studies Relating to Proposed Cooling 
Towers for K- and C-Reactors (Wilde, 1986) provides information on the 
chlorination and dechlorination of SRP reactor cooling water pumped 
from the Savannah River. 
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Habitat Evaluation Procedure (HEP ) Assessment for Thermal Mitigation 
Alternatives for C- and K-Reactors (Mackey et al=* 1987) identifies 
the value of habitat to be gained or lost with the implementation of 
once-through or recirculating cooling towers. 
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CHAPTER 2 
COOLING WATER ALTERNATIVES AND PROPOSED ACTION 



The U.S. Department of Energy (DOE) initially identified possible cooling 
water systems that it could implement for the K- and C-Reactors and the D-Area 
coal-fired powerhouse, and documented them in the Thermal Mitigation Study 
(DOE, 1984b). Based on a structured screening process and comments received 
on its Notice of Intent to prepare this environmental impact statement (EIS) , 
DOE has identified reasonable cooling water alternatives that this EIS con- 
siders in detail. 

Section 2.1 describes the screening process by which DOE determined the rea- 
sonable cooling water alternatives considered in this EIS; Section 2.2 
describes these alternatives; Section 2.3 compares the environmental conse- 
quences of these alternatives. 



2.1 SCREENING PROCESS 

DOE used a structured screening process to identify, from among the many pos- 
sible alternatives for cooling water systems for K- and C-Reactors and the 
D-Area coal-fired powerhouse, those that would be reasonable from environ- 
mental, engineering, scheduling, and cost perspectives. The Thermal Mitiga- 
tion Study (DOE, 1984b) documents this screening process. DOE performed this 

fl^rppninff in a hhrpe — c I - on nrn^ooo' 

1. Identification of possible alternatives 

2. Selection of feasible compliance alternatives using "exclusionary" 

criteria 

3. Selection of reasonable compliance alternatives using "discrimina- 
tory" criteria 

The first step divided all alternative cooling water systems into two cate- 
gories: those that could meet the State of South Carolina ' s Class B water 
classification standards and those that could not. For those alternatives 
that could not meet these water classification standards (such as rubble dams, 
small cooling lakes, and the current once-through systems), DOE did not con- 
sider any further assessment because both Federal and State regulations would 
prohibit the designation of streams to a classification other than Class B for 
the transport or assimilation of waste. 
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DOE identified potential subcategories of generic cooling water systems for 
K- and C-Reactors and, separately, for the D-Area coal-fired powerhouse. 
These systems were: 

Cooling towers 
Once-Through 

- Recirculating 
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• Cooling lakes and ponds 

Offstream ponds 

- Cooling lakes 
Multisource ponds /lakes 

• Cooling lake /pond and cooling-tower combinations 

- Cooling lakes/ponds before cooling towers 

- Cooling lakes/ponds after cooling towers 

For the D-Area coal-fired powerhouse, the identified alternatives included: 

• Cooling towers 

Once-Through 
Recirculating 

• Direct discharge to the Savannah River 

• Increased flow with mixing 

DOE then developed minimum requirements for K- and C-Reactors for use in 
identifying possible alternatives for each of the generic categories- These 
requirements included sufficient surface area in cooling lakes or ponds for 
heat dissipation, and sufficient cooling capacity in once-through and recir- 
culating cooling towers to attain a 32.2°C discharge during extreme mete- 
orological conditions. Using these minimum requirements, DOE identified 22 
possible cooling water alternatives for K- and C-Reactors and 4 alternatives 






DOE applied "exclusionary criteria" to the possible cooling water alternatives 
to identify the feasible compliance alternatives* For K- and C-Reactors, the 
exclusionary criteria consisted of: 



• 



• 



The expected ability to perform successful Section 316(a) demonstra- 
tions if the Class B temperature limits were to be exceeded in the 
receiving stream after mixing 

A minimum of 400 acres of cooling-lake surface at or below 32* 2 U C to 
support a balanced biological community 

Sufficient cooling capacity to require, for screening purposes, no more 
than a 10 percent annual average production loss. 



Application of these criteria led to the identification of 17 feasible compli- 
ance alternatives for K- and C-Reactors . DOE considered each of the four 
possible cooling water alternatives for the D-Area powerhouse to be feasible* 

In the third step, DOE screened the 17 feasible compliance alternatives for 
K- and C-Reactors and the 4 alternatives for the D-Area powerhouse on the 
basis of "discriminatory" criteria to determine the reasonable compliance 
alternatives . These criteria included environmental impacts, implementation 
schedules , capital and operating costs , and relative operating complexity 
(i.e. , multiple reactor cooling systems versus recirculation systems versus 



2-2 



once- through systems ) . Based on these discriminatory criteria, DOE identified 
the following reasonable compliance alternatives: 

K-Reactor 

• l^OQ-acre once- through cooling lake between Pen Branch and Four Mile 
Creek above the railroad track 

• Recirculating cooling tower 

• Once-Through cooling tower 

• Once-Through cooling tower to a 600-acre once- through cooling lake on 
Indian Grave Branch with an embankment about 300 meters above the con- 
fluence with Pen Branch 

• 800-acre cooling lake with a 400-acre hot arm to a once-through cooling 
tower with an embankment located about 610 meters above Road A on Pen 
Branch 

C-Reactor 

• 1400-acre once-through cooling lake between Pen Branch and Four Mile 
Creek below the railroad track 

• Recirculating cooling tower 

• Once-Through cooling tower 

• Once-Through cooling tower to a 500-acre once-through cooling lake on a 
tributary of Four Mile Creek with an embankment about 300 meters above 
the confluence with Four Mile Creek 

• 800-acre cooling lake with a 400-acre hot arm to a once-through cooling 
tower with an embankment on Four Mile Creek about 1280 meters above 
Road A 

D-Area Powerhouse 

• Direct discharge to the Savannah River (bypassing Beaver Dam Creek) 

• Increased flow with mixing 

As part of the scoping process, DOE invited interested parties to comment on 
the alternatives it would consider in this environmental impact statement 
(50 FR 30728) . Based on the screening process documented in the Thermal 
Mitigation Study (DOE, 1984b) and its preliminary determination of alterna- 
tives to be considered in this environmental, impact statement, DOE decided to 
consider the alternatives of once -through and recirculating cooling towers for 
K- and C-Reactors, and increased flow with mixing and direct discharge to the 
Savannah River for the D-Area coal-fired powerhouse. In addition, DOE is 
required to consider the M no action" alternative in accordance with the Coun- 
cil on Environmental Quality* s regulations for implementing the procedural 
provisions of the National Environmental Policy Act (NEPA). 
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Appendix A provides a more detailed description of the screening process and 
criteria that DOE used to identify the reasonable alternatives for evaluation 
in this environmental impact statement . 



2.2 PROPOSED ACTION 

The proposed action is to construct and operate cooling water systems for the 
K- and C-Reactors and the D-Area powerhouse to attain compliance with the 
State of South Carolina' s Class B water classification standards* Based on 
the screening process described in Section 2.1, the alternatives considered in 
this EIS are the construction and operation of once- through or recirculating 
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discharge to the Savannah River for the D-Area powerhouse, and no action. 
DOE's preferred alternatives are to construct and operate once-through cooling 
towers for K- and C-Reactors and to implement increased flow with mixing for 
the D-Area powerhouse. 

The following sections describe these alternatives- The descriptions are based 
on preliminary and conceptual designs; specific engineering parameters and 
costs are subject to change during future design phases. 

2.2*1 K-REACTGR COOLING WATER ALTERNATIVES 
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BB-1 
BB-2 
BB~3 
EC-4 
BC-6 
BC-14 



The cooling water alternatives for K-Reactor are the construction and opera- 
tion of a once- through cooling tower s the construction and operation of 
recirculating cooling towers, and no action, 

2.2*1.1 Once-ThrouRh Cooling Tower (Preferred Alternative) 

The once-through cooling tower described in the Thermal Mitigation Study (DOE, 
1984b) and the draft EIS (DOE, 1986) was a mechanical-draft tower that would 
receive the cooling water from K-Reactor from a new pump pit. Cooled water 
from the tower basin would then flow by gravity to a 100-acre of f stream hold- 
ing pond which would be used to dissipate chlorine (coo ling- tower biocide ) , 
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thermal performance of the once- through cooling system was not designed to 
utilize the holding pond for additional cooling. 

Since the completion of the Thermal Mitigation Study and the Draft EIS (DOE, 
1986), further design evaluations and studies have been performed to determine 
optimal performance parameters and to achieve lower costs . These evaluations 
and studies have indicated that there are several areas in which optimization 
of performance and cost savings can be realized in the construction and opera- 
tion of once— through towers without introducing maior changes in the nature or 
magnitude of the environmental impacts. These areas include the consideration 
of gravity-feed versus pumped-feed towers , natural-draft versus mechanical- 
draft towers, and a chemical injection system for either dissipation or neu- 
tralization of chlorine biocide versus holding ponds (and their sizing)* 
Similarly, these evaluations and studies have also led to the development of 
thermal performance criteria that, when incorporated in the final design of a 
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once-through cooling- tower system, would reduce the potential for cold shock 
\ i .e* , reduce the difference between ambient stream temperatures and stream 
temperatures when the cooling water is being discharged) to fish. 

The following sections describe the once- through cooling-tower for K-Reactor 
incorporating current design considerations, and the major differences associ- 
ated with a natural-draft versus a mechanical-draft tower. 

Description 

For a once-through natural-draft system with gravity feed, the cooling water 
discharged from K-Reactor would flow by gravity from a new underground 
reinforced-concrete diversion box constructed around the existing effluent 
pipe, through a new 1 , 8-meter diameter pipe approximately 50 meters long to a 
new riprap-lined effluent canal. This canal would begin just outside of the 
Reactor Area fence and would extend southwesterly under Road B approximately 
750 meters to a collection box to be constructed approximately 300 meters 
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1,8-meter-diameter pipe, which would deliver it to a natural-draft cooling 
tower located between Road B and Indian Grave Branch, discharges from which 
would enter the Branch. Figures 2-1 and 2-2, which are based on preliminary 
design information, show a flow diagram and a site layout , respectively, of 
this once-through system* 

Based on preliminary design information, the natural-draft, once-through, 
reinforced-concrete cooling tower would be approximately 100 meters in 
diameter and about 150 meters high. The tower would utilize Chlorinated 
Polyvinyl Chloride (CPVC) and Polyvinyl Chloride (PVC) fill to withstand the 
high cooling water temperatures. The tower would be situated over a 
reinforced-concrete basin, which would receive the cooled water flowing 
through the tower. An underground steel pipe would carry the flow by gravity 
to a new riprap-paved canal 50 meters long and 30 meters wide that would 
convey cooled effluent into Indian Grave Branch at a point 800 meters down- 
stream from the present discharge point of the K-Reactor effluent canal. 

A small water-treatment building would be located near the cooling tower. It 
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tu store a chemical biacide (probably sodium hypochlorite ) that 



would be injected into the cooling water stream at the tower inlet to prevent 

biof ouling in the tower system. 

This building would contain a system for injecting a dechlorination agent 
(probably sodium sulfite) into the cooling tower cold water basin. The 
dechlorinating agent would be injected in sufficient quantities to meet 
established chlorine effluent limits. Chemical storage tanks and distribution 
piping would be provided, as would metering pumps and controls, which would be 
located in the small water-treatment building near the cooling tower. 
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A new control room located near the cooling tower would contain the necessary 
switchgear and instrumentation for the operation of all chemical- treatment 
equipment* 

The cooling-tower area would be enclosed by a patrol road and fence with per- 
sonnel and vehicular gates . Access roads would be provided , and parking, 
loading, and equipment storage areas would be paved at the cooling tower and 
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Figure 2-2, K-Reactor Once-Through Cooling Tower System 
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accessory ^'buildings. Areas around the cooling tower would be regraded and 
seeded,.- or, if necessary, covered with stone or paving as appropriate to 
restore natural surface drainage. An adequate stormwater-drainage system 
would be constructed inside the fenced area; it would include erosion protec- 
tion and would discharge into natural drainage ways. 

Electrical loads for the gravity-feed, natural-draft cooling tower system 
would be small, consisting primarily of lighting and control equipment. The 
existing K-Area substations should be adequate, but two new electric lines 
would be run from K-Area to the cooling tower area along the proposed canal » 



Outside lighting and power distribution at the new cooling-tower facilities 
would be provided- Communications laci-Lities wouj-d ue extenucu ifom tue 
existing K-Area system. Monitoring instrumentation for this cooling system 
would be installed in the K-Reactor Central Control Room. It would contain 
monitoring and control instruments that would be connected to instrumentation 
at the coo ling- tower facilities. These instruments would measure water tem- 
perature at the tower discharge and water flow to the stream. New alarms in 
the Central Control Room would indicate a high coo ling- tower discharge tem- 
perature. 

Most of the cooling water system construction would be completed with minimal 
impact on reactor operation. Careful scheduling would ensure that the work 
necessary to connect the system with the existing facilities is accomplished 
during scheduled reactor shutdowns. 

Safety practices during construction would be in accordance with applicable 
safety standards. Occupational exposure to low-level radiation and to chemi- 
cal contact or inhalation will be minimized by monitoring procedures and by 
protective equipment and clothing. 
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Preliminary design evaluations and studies have indicated that optimization of 
performance" and cost savings would be realized by the construction and opera- 
tion of a natural -draf t , once- through cooling tower rather than a mechanical- 
draft tower as described in the Thermal Mitigation Study (DOE, 1984b) and the 
draft EIS (DOE, 1986). The description of a mechanical-draft tower would not 
differ appreciably from that presented above for the natural-draft tower. The 
major differences would be the size of the tower (e.g., approximately 150 
meters high for the natural-draft tower versus 20 meters for the mechanical- 
draft tower) and the extent of the electrical system upgrade (e.g. , the 
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of the fans and motors associated with the mechanical-draft tower). 



Thermal Performance 



BB-3 

BC-4 

BC-14 



The once- through cooling tower would be designed to enable the discharge to 
meet the State of South Carolina's Class B water classification standards 
(i.e., a maximum ins t ream temperature of 32. 2°C) . This would be accom- 
plished through the design conditions of a 4.4°C approach to a wet bulb 
temperature of 27.8°C. In the rare instances where the design wet bulb is 
exceeded, the reactor will be operated at reduced power so that the standards 
are always met* 
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The K-Reactor tower discharge to Pen Branch includes the 11.3 cubic meters per 

second of secondary cooling water flow, less approximately 0.8 cubic meter per 

second of water evaporated in the tower. The Pen Branch flow (at Road B), 

other than the K-Reactor effluent , is approximately 0.03 cubic meter per 
second. 
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Table 2-1 lists monthly average water temperatures along the cooling water 
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with the ambient stream temperatures . Additionally, Table 2-1 lists down- 
stream temperatures under extreme summer conditions (July 1980). 

The cooling tower will be designed and operated in such a manner as to meet 
the maximum weekly average temperature (MWAT) criteria (EPA, 1977) to minimize 
thermal shock of fish that could occur with a reactor scram (Muhlbaier, 
1986)* During average winter and spring conditions, the discharge from the 
once- through cooling tower would raise the ambient stream temperature in Pen 
Branch above the 2.8°C maximum temperature rise specified in the State of 
South Carolina's Class B water classification standards. Accordingly, a 
Section 316(a) study would be performed to demonstrate whether a balanced 
biological community would be maintained. 
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Resource Utilization 



The existing withdrawal of about 11.3 cubic meters per second of water from 
the Savannah River to K-Reactor would be unchanged for the once-through 
cooling-tower alternative* Discharges from K-Reactor to the river would be 
reduced by about 0.8 cubic meter per second because of evaporation, and the 
total suspended solids concentration would be reduced by settlement in the 
cooling-tower cold water basin. Chemical biocide added to the cooling water 
to protect the tower would be neutralized. All discharges would meet State of 
South Carolina Class B water classification standards. 



TJTD 1 
0£>— ± 

BB-2 



Construction of a once-through natural-draft cooling tower system would be 
completed in approximately 36 months after a 9-month lead design period. The 
estimated peak contractor manpower requirement, based on preliminary design 
information, is about 200 persons for K-Reactor. assuming a combined workforce 
with C-Reactor* The maintenance and operating workforce would be increased by 
approximately four mechanics. Approximately 25 acres of uplands would be dis- 
turbed by all construction activities. 
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Since the once-through cooling tower system is gravity flow with a natural 
draft tower, the additional electricity requirements would be only for light- 
ing and chemical feed equipment. 
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The present peak electrical load in K-Area is about 30.3 megawatts. An insig- 
nificant quantity of additional power would be required for lighting and other 
electrical equipment. 
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The estimated present-worth cost for the once-through natural-draft cooling 
tower at K-Reactor with gravity feed is approximately $43 million, including 
production losses ($41.4 million without production losses). Estimated annual 
operating costs are $6 .4 million. In addition to these costs, the estimated 
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Table 2-K Monthly Predicted Mean and Maximum (in Parentheses) 
Temperatures (°C) Along Cooling Water Flow 
Path of K-Reactor Once-Through Coaling Tower 



Jan . 



Discharge to creek 

Pen Branch at 
Road A 

Rai 1 road bri dge 
Swamp delta 
Upstream from Steel 

Creek 
Mouth* 

Ambient creek b 



18(27} 
18(26} 
16(24) 

10(17} 
10(15} 



Temperature for 



Feb. 



Mar. 



Apr, 



May 



June 



July Aug. 



Sep . 



Oct. 



Nov . 



12{17) 
12(16) 



16(19) 
16(19) 



18(21) 
18(20) 



21(24} 
21(24} 



24(26) 
24(26) 



26(27 
25(27 



25(27) 
25(26) 



23(24) 
22(24) 



18(21 
17(21 



15(18) 
15(17) 



a. Includes Steel Creek flow. 

., r r-_. i__:--i c „., a^*.-. £„*- ,.,^*- rt ^. „ rt ^ ldflt; fnr cfaHnn n?lQ7^d71* Ppii Rranrh at Road B (USGS. 1986). 
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Dec. 



19(28) 20(28) 23(28) 24(30) 26(30) 28(31) 29(32) 29(32) 28(31) 24(31} 23(29) 21(28) 



19{27) 22(27) 24(29} 26(30) 28(31) 29(32) 29(32} 28(31} 24(30) 22(28) 20(27) 
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17(24) 20(25) 23(27) 25(29} 28{30) 29(31) 28(31) 27(30) 23(28) 20(26} 18(24) 



11(16) 
11(15) 



8(18} 10(18) 15(22) 18(23) 21(24) 23(27) 23(27)' 23(26) 21(26) 19(23) 13(21) 12(17) 
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cost to conduct a Section 316(a) demonstration study is estimated $1.25 mil- 
lion. Preliminary design criteria suggest a 0,2-percent annual average loss AD-1 
of reactor power attributable to the operation of a once-through cooling-tower BC-6 
system in comparison to the No-Action alternative. ) 



2*2,1,2 Recirculating Cooling Towers 

If a closed-cycle * recirculating cooling tower system were selected to be 
constructed, the cooling water discharges from K-Reactor would be conveyed 
initially in the same manner as in the once-through system (i.e., the same 
diversion box, pipe, canal, collection box, and pipe). However* the natural- 
draft cooling tower would be somewhat smaller than in the once- through design 
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near the existing K-Reactor cooling water reservoir (186-K basin) . Figures 
2-3 and 2-4, which are based on preliminary design information, show a flow 
diagram and a site layout, respectively, of this recirculating system. 

The natural ^draf t cooling tower, when installed with the mechanical-draft 
tower in series, would be approximately 85 meters in diameter and 120 meters 
high. Six 1750 horsepower (1300 kilowatt) pumps would be provided to transfer 
the cooling water from the cold water basin under the first tower through a 
new steel pipe to the second tower* This 1.8-meter diameter, underground 
steel pipe would run approximately 2 kilometers from the natural-draft tower 
northeasterly under Road B and around the south and east sides of K-Area to 
the inlet of the mechanical-draft cooling tower. This second tower would be 
constructed on top of about 5 meters of earth fill, so its discharge could 
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The first tower would utilize chlorinated polyvinyl chloride (CPVC) and poly- 
vinyl chloride (PVC ) fill to withstand the high cooling water temperatures . 
The second tower could use standard polyvinyl chloride fill, because the water 
reaching this tower would have been partially cooled at the first tower. The 
second tower would be approximately 70 meters in diameter by 20 meters high, 
and would have 12 fans, each with a 190-kilowatt motor. 

A small water- treatment building would be located near each cooling tower. 
The buildings would be used to store a chemical biocide (probably sodium hypo- 
chlorite) that would be injected into the cooling water stream to prevent 
bio fouling in the tower system* This would allow for injection of a non- 
chromated, organic based, chemical corrosion inhibitor* This chemical has 
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being used at SRP. 



Since the recirculating system would be designed to reduce production loss as 
well as to meet environmental regulations, no piping has been provided to com- 
pletely bypass any cooling tower. Internal bypass valves would be included in 
each cooling tower to divert water directly to the cold water basin. These 
bypass valves, as well as sectionalizing valves which can isolate parts of the 
tower fill, would be used for cold weather start-ups and could be used during 
equipment repairs, if necessary. 

Whenever water is recirculating, approximately 0*5 cubic meter per second of 
the second tower discharge would flow by gravity through a weir to the 
existing overflow pipeline from Building 186-K. This pipeline would flow by 
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gravity back into the existing outfall canal* The flow would then follow the 
present path of cooling water to the Savannah River, This blowdown flow is 
npressarv to limit the increase in concentrations of solids and chemicals in 
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necessary 

the cooling water due to evaporation 

with a dechlorination chemical (probably sodium sulfite) before reaching the 

existing outfall canal and Indian Grave Branch. 

The natural-draf t cooling-tower area would be inside a patrol road and fence 
as described for the once-through system. Access to this area would be from 
existing Road B. The existing fence and patrol road along the east side of 
the K-Reactor area would be relocated to encompass the new mechanical-draft 
cooling tower and accessories. 

A new electrical control room would be located within the K-Reactor production 
area near the second cooling tower. This room would contain the necessary 
switchgear and instrumentation for the operation of the cooling tower fans and 
the chemical-treatment equipment. Another new control room would be construc- 
ted near the natural-draft tower for operation of the pumps. 



The recirculating system would require an upgrade of two sections of 
115-kiiovolt overhead line totaling 10*5 kilometers* The upgrade would be the 
same whether a recirculating system is installed in K-Area or in C-Area or in 
ootn areas . cotn primary fc.uuaLcn-j.uLi 
handle the increased electrical load. 
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Dual 13.8-kilovolt electrical supplies would be provided to each location 
having recirculating pumps or cooling tower fans. 

The recirculation system pumps located at the natural draft cooling tower 
would be supplied from two independent electrical power supplies. Loss of one 
power supply could cause temporary loss of one half of the pumps depending on 
electrical power system design. Recirculation flow could be reduced by up to 
50 percent during this period; amount of reduction would be dependent on 
excess head capacity of the pumps* For conservatism, it is assumed that up to 
5.1 cubic meters per second could be discharged to the stream if pumps were 
not provided with automatic transfer on loss of one electrical power supply. 
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The present design concept for a recirculating system includes pump start/stop 
buttons and pump running lights. No interlocks would be provided, or are con- 
sidered necessary, to scram the reactor. 
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central 

motor running lights for six pumps and 12 fans , discharge effluent (blowdown) 
flow and temperature indicators , and push buttons and position indicators for 
two diversion box isolation gates - 



Thermal Performance 

The recirculating cooling tower system would be designed for low tower dis- 
BC-4 charge temperatures leading to compliance with the State of South Carolina ' s 
BC-14 Class B water classification standards (i.e. * a maximum ins t ream temperature 
BC-15 of 32.2°C). The preliminary design parameters of a 2.8°C approach to a 
26. 7 "C wet bulb will assure compliance with this standard, even at the 
maximum hourly wet bulb measured at Bush Field (1953 through 1982), 28 <J C. 
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For the preliminary design parameters cited above, the blowdown flow to Pen 
Branch would be about 0.5 cubic meter per second at 2.5 cycles of concentra- 
tion; the corresponding withdrawal from the Savannah River would be about 1.6 
cubic meters per second to make up the blowdown and evaporation losses from 
the system, as well as auxiliary system flows and 186-K basin overflow* 

Table 2-2 lists monthly average water temperatures for the discharge along the 
cooling water flow path (based on meteorological data at Bush Field from 1953 
through 1982), along with the ambient stream temperatures. In addition, Table 
2-2 lists downstream temperatures under extreme suinmer conditions (July 1980). 
Cooling water discharges from the recirculating cooling-tower system would not 
always comply with the State of South Carolina's Class B water classification 
standard that requires that ". . .free-flowing waters shall not be increased 
more than 5°F (2.8°C) above natural temperature conditions.*./* Accord- 
ingly, a Section 316(a) study would be performed to demonstrate whether a 
balanced biological community would be maintained. 
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K-Reactor presently receives approximately 11.3 cubic meters of cooling water 
per second from the Savannah River. This continuous flow passes through the 
reactor heat exchangers and discharges down Indian Grave Branch and Pen Branch 
back to the Savannah River. If the recirculating-cooling-towers alternative 
were implemented* the discharge from K-Reactor would be reduced to about 1 
cubic meter per second. The maximum amount of water removed from the river 
would also be reduced to about 1.6 cubic meters per second. 

This alternative would be constructed in approximately 42 months after a 
9-month design period. The estimated peak manpower requirement for K-Reactor 
is 300 persons, assuming a combined workforce with C-Reactor. The maintenance 
and operating workforce would be increased by approximately six mechanics. 
Approximately 50 acres of uplands would be disturbed by all construction 
activities. 

The estimated present peak electrical load for K-Area is about 30.3 mega- 
watts. The electrical load would be decreased approximately 6.4 megawatts 
because of the 85 percent reduction in electrical load to pump water from the 
Savannah River to the 186-K basin. The total yearly energy reduction caused 
by this project would be the equivalent of the electricity produced by the 
combustion of approximately 12,800 barrels of crude oil. 

The estimated present-worth cost of this alternative would be approximately 
$90 million including production losses ($58 million without production 
losses). Estimated annual operating costs are $4.4 million. In addition to 
these costs, the estimated cost to perform a Section 316(a) demonstration 

SttlHv 1S SI. 25 mi 1 1 1 nn . PrpliminSrV Hp^IOTI /*r--l i-Ot-l a ennnaeH a *3 7_r.«*-««« t- 
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annual average loss of reactor power attributable to the operation of a recir- 
culating cooling^tower system in comparison to the no-action alternative. 



TC 



TC 



TC 



TC 



TC 



AD-1 
BC-6 



2.2.1,3 No Action - Existing System 

The existing once-through cooling water system for K-Reactor withdraws 
approximately 11.3 cubic meters of water per second from the Savannah River at 



2-15 



\ 



\ 



LOCdL i on 



Discharge to creek 

Pen Branch at 
Road A 

Rai 1 road bri dge 
Swamp delta 
Upstream from Steel 

Creek 
Mouth* 

Ambient creek b 



Table 2-2. Monthly Predicted Mean and Maximum fin Parentheses) 
Temperatures (°C) Along Cooling Water Flow 
Path — K-fteactor Recirculating Cooling Towers 



Temperature for 



Jan . 



I - _ L. 



a 



t-idy 



"i. .^ _ 

junt 



i . .1 .. 
ju i y 















a. Includes Steel Creek flow. 

b. U.S. Geological Survey data for water year 1985 for station 021973471; Pen Branch at Road B (USGS, 1986). 






14(25) 15(25) 18(26) 20(28) 23(28) 26(29) 27(30) 26(30) 25(29) 20(28) 18(27) 15(26) 

11(19) 12(18) 16(20) 19(24) 23(27) 26(28) 27(29) 27(29) 24(27) 19(25) 15(21) 12(19) 

9(17) 11(17) 15(19} 19(23) 23(26) 26(28) -27(29) 27(29) 24(27) 18(23) 15(19) 11(17) 

8(15) T1(T6) 15(18) 19(22) 23(26) 26(28) 28(29) 27(29) 24(26) 17(21) 14(17) 9(15) 

7(14) 10(14) 14(16) 15(17) 17(20) 21(23) 23(24) 22(23) 18(19) 13(17) 12(15) 802) 

10(14} 11(75) 15(19) 18(20} 21(24) 25(26) 25(27) 23(24) 20(23) 13(19) 15(17) 11(14) 

8(18) 10(18) 15(22) 18(23) 21(24) 23(27) 23(27) 23(26) 21(26) 19(23) 13(21) 12(17) 
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the 1G and 3G pumphouses * From these pumphouses the water passes through an 
interconnected network of underground pipe to the Building 186-K basin which 
has a capacity of approximately 95,000 cubic meters. 

The cooling water is drawn by gravity through the reactor heat exchangers to 
an interceptor pit and then through an underground steel pipe. The water 
flows to a reinforced-concrete headwall at the existing K-Reactor cooling 
water outfall canal. This canal, lined with concrete and stone riprap, dissi- 
pates the energy of the discharge as it flows to Indian Grave Branch. The 
discharge then flows along Indian Grave Branch and Fen Branch and into the 
Savannah River about 8 kilometers downstream from the D-Area powerhouse and 
the river-water pumping stations* 

K-Reactor discharges approximately 11,3 cubic meters of reactor cooling water 
per second at an average temperature of 70°C to 77°C- This flow includes 
10*5 to 10-9 cubic meters per second from the reactor heat exchangers and 0.3 
to 0.6 cubic meter per second of service water and other flows * It does not 
include any overflow from the 186-K basin, which is normally 0. 2 cubic meter 
per second but can be as high as 0*95 cubic meter per second. This overflow 
is always at ambient water temperature; therefore, it adds no heat load. 
Estimated annual operating costs for the no-action alternative are $6.2 
million* 

Thermal Performance 

Approximately 96 percent of the 11.3 cubic meters (10.5 to 10.9 cubic meters 
per second) pumped from the Savannah River to K-Area is used as secondary 
cooling water, with the remainder (0.3 to 0*6 cubic meter) used for auxiliary 
systems , The temperature of the secondary cooling-system water discharge 
normally ranges between 47°C (average summer) and 61°C (average winter) TC 
above ambient. Virtually the entire flow withdrawn from the Savannah River is 
discharged to Pen Branch, with the auxiliary systems water mixing with the 
heated secondary cooling water. 

The temperature of the effluent water varies with the temperature of the river 
water, although the seasonal fluctuations of the latter are moderated by an 
inverse relationship between intake water temperature and temperature 
increase. Table 2-3 indicates monthly average and extreme temperatures along 
the cooling water flow path, along with ambient stream temperatures . The 
downstream heat-loss characteristics are based on meteorological data from 
Bush Field between 1953 and 1982; the extreme summer conditions are for July 
1980. 

Table 2-3 illustrates that the State of South Carolina's Class B water classi- 
fication standard of a maximum ins t ream temperature of 32. 2°C is exceeded at 
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heat loss along the stream implies an evaporation rate of approximately 0.5 
cubic meter per second between the discharge and the delta - less than 5 per- 
cent of the discharge flow. 
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Location 



Discharge to outfall 

Pen Branch at 
Road A 

Railroad bridge 
Swamp del ta 
Upstream from Steel 

Creek 
Mouth 3 

Ambient creek" 



Table 2-3. 



Monthly Predicted Hean and Maximum (in Parentheses) 
Temperatures (°C) Along K-Reactor Cooling Water Flow 
Path: No Action (Existing System) 



Temperature for 



Jan, 



Feb. 



Mar. 



Apr, 



May 



June July 



Aug. 



Sep. 



Oct, 



Nov. 



Dec. 



69(70) 69(71) 70(72) 71(73) 72(73) 73(74} 74(75) 74(75) 73(75) 72(74) 71(73) 70(72) 

61(63) 60(62) 61(63) 63(65) 66(67) 67(68) 68(69) 68(69) 68(69) 67(68) 64(66) 62(64) 

52(54) 51(53) 52(54) 55(56) 57(59) 59(60) 59(60) 60(60) 59(60} 58(59) 54(56) 53(55) 

42{44) 42(44) 43(44} 46(48) 48(50) 50(51) 51(51) 51(51) 50(51) 48(49) 45(46) 43(45) 

16(21) 17(21) 20(22) 24(26) 27(29) 29(30} 30(31) 30(31) 28(29) 24(26) 20(22) 17(20} 

13(17) 15(18) 18(21) 21(23) 24(27) 27(28) 28(29) 28(29) 26(27} 22(24) 17(19) 14(17) 

8(18) 10(18) 15(22) 18(23) 21(24) 23(27} 23(27) 23(26) 21(26) 19(23) 73(27) 12(77) 



a. Includes Steel Creek flow, 

b, U.S. Geological Survey data for water year 1985 for station 021973471; Pen Branch at Road B (USGS, 1986). 
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2,2*2 C-REACTOR COOLING WATER ALTERNATIVES 



The cooling water alternatives for C-Reactor are the construction and operation 
of a once-through cooling tower, the construction and operation of recirculat- 
ing cooling towers, and no action, 

2-2,2.1 Once-Thr ou gh Cooling Tower (Preferred Alternative) 

The once-through cooling tower described in the Thermal Mitigation Study (DOE, 
1984b) and the draft EIS (DOE, 1986) Is a mechanical-draft tower that would 
receive the cooling water from C-Reactor from a new pump pit. Cooled water 
from the tower basin would then flow by gravity to a 100-acre off stream hold- 
ing pond, which would be used to dissipate chlorine (cooling tower biocide) 
before the water was discharged to Four Mile Creek, The thermal performance 
of the once^through cooling-tower system was not designed to utilize the hold- 
ing pond for any additional cooling. 
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Since the completion of the 

1986), further design evaluations and studies have been performed to determine 
optimal performance parameters and to achieve lower costs. These evaluations 
and studies have indicated that there are several areas in which optimization 
of performance and cost savings can be realized in the construction and opera- 
tion of once-through towers without introducing major changes in the nature or 
magnitude of the environmental impacts* These areas include the consideration 
of gravity-feed versus pumped-feed towers, natural-draft versus mechanical- 
draft towers, and a chemical injection system for either dissipation or neu- 
tralization of chlorine biocide versus holding ponds (and their sizing). 
Similarly, these evaluations and studies have also led to the development of 
thermal performance criteria that, when incorporated in the final design of a 
once-through cooling-tower system, would reduce the potential for cold shock 
(i.e*, reduce the difference between ambient stream temperatures and stream 
temperatures when the cooling water is being discharged) to fish. 

The following sections describe the once-through cooling-tower for C-Reactor 
incorporating current design considerations, and then the major differences 
associated with a natural-draft versus a mechanical-draft tower. 

Description 

For a once-through natural-draft system with gravity feed, the cooling water 
discharged from C-Reactor would flow by gravity from a new underground 
reinforced-concrete diversion box constructed around the existing effluent 
pipe, through a new 1.8-meter diameter pipe approximately 100 meters to a new 
riprap-lined effluent canal. This canal would begin just outside of the 
Reactor Area fence and would extend southwesterly approximately 1160 meters to 
a collection box to be constructed approximately 120 meters north of Road 3. 
The box would channel the cooling water into another 1.8-meter^diameter pipe, 
which would deliver it under Road 3 to a natural-draft cooling tower located 
between Road 3 and Castor Creek, a small tributary of Four Mile Creek, dis- 
charges from which would enter Castor Creek. Figures 2-5 and 2-6, which are 
based on preliminary design information, show a flow diagram and a site lay- 
out, respectively, of this once-through system. 
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Figure 2-5. C-Reactor Once-Through Cooling Tower System Flow Diagram 
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Figure 2-6. C-Reactor Once-Through Cooling Tower System 
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Based on preliminary design inf ormation, the natural -draf t , once- through, 
reinforced-concrete cooling tower would be approximately 100 meters in diame- 
ter and about 150 meters high. The tower would utilize Chlorinated Polyvinyl 
Chloride (CPVC) and Polyvinyl Chloride (PVC) fill to withstand the high 
cooling water temperatures . The tower would be situated over a reinf orced- 
concrete basin, which would receive the cooled water flowing through the 
tower. An underground steel pipe would carry the flow by gravity to a new 
riprap-paved canal 150 meters long and 30 meters wide that would convey cooled 
effluent into Castor Creek at a point 150 meters downstream from the present 
discharge point of the C-Reactor effluent canal. 

A small water— treatment building would be located near the cooling tower* It 
would be used to store a chemical biocide (probably sodium hypochlorite) that 
would be injected into the cooling water stream at the tower inlet to prevent 
biofouling in the tower system. 



This building "vvuUid COntaiu a system iui Injecting 



UCLH1U1 4-LldL-LUlL 



(probably sodium sulfite) into the cooling tower cold water basin. The 
dechlorinating agent would be injected in sufficient quantities to meet estab- 
lished chlorine effluent limits . Chemical storage tanks and distribution pip- 
ing would be provided, as would metering pumps and" controls , which would be 
located in the small water-treatment building near the cooling tower . 
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A new control room located near the cooling tower would contain the necessary 
switchgear and instrumentation for the operation of all chemical-treatment 
equipment. 

The coo ling- tower area would be enclosed by a patrol road and fence with 
personnel and vehicular gates . Access roads would be provided , and parking , 
loading, and equipment storage areas would be paved at the cooling tower and 
accessory buildings. Areas around the cooling tower would be regraded and 
seeded, or, if necessary, covered with stone or paving as appropriate to 
restore natural surface drainage. An adequate stormwater-drainage system 
would be constructed inside the fenced area; it would include erosion protec- 
tion and would discharge into natural drainage ways. 

Electrical loads for the gravity- feed , natural— draf t cooling tower system 
would be small, consisting primarily of lighting and control equipment. The 
existing C-Area substations should be adequate, but two new electric lines 
would be run from C-Area to the cooling tower area along the proposed canal. 

Outside lighting and power distribution at the new cooling-tower facilities 
would be provided. Communications facilities would be extended from the 
existing C-Area system. Monitoring instrumentation for this cooling system 
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monitoring and control instruments that would be connected to instrumentation 
at the coo ling- tower facilities . These instruments would measure such condi- 
tions as water temperature at the tower discharge and water flow to the 
stream. New alarms in the Central Control Room would indicate a high cooling- 
tower discharge temperature. 



Most of the cooling water system construction would be completed with minimal 
impact on reactor operation. Careful scheduling would ensure that the work 
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necessary to connect the system with the existing facilities is accomplished 
daring scheduled reactor shutdowns. 

Safety practices during construction would be in accordance with applicable 
safety standards. Occupational exposure to low-level radiation and to chemi- 
cal contact or inhalation would be minimized by monitoring procedures and by 
protective equipment and clothing. 

Preliminary design evaluations and studies have indicated that optimization of 
performance and cost savings would be realized by the construction and opera- 
tion of a natural-draft , once-through cooling tower rather than a mechanical- 
draft tower as described in the Thermal Mitigation Study (DOE, 1984b) and the 
draft EIS (DOE, 1986). The description of a mechanical-draft tower would not 
differ appreciably from that presented above for the natural-draft tower* The 
major differences would be the size of the tower (e-g*, approximately 130 
meters high for the natural-draft tower versus 20 meters for the mechanical- 
draft tower) and the extent of the electrical system upgrade (e.g., the 
natural-draft tower could require less system upgrade due to the elimination 
of the fans and motors associated with the mechanical-draft tower). 

Thermal Performance 

The once-through cooling tower would be designed to enable the discharge to 
meet the State of South Carolina's Class B water classification standards 
(i.e., a maximum instream temperature of 32.2°C), This would be accom- 
plished through the design conditions of a 4.4°C approach to a wet-bulb 
temperature of 27.8°C* In the rare instances when the design wet-bulb 
temperature was exceeded, the reactor would be operated at reduced power such 
that the Class B Water Classification standards are always met. 

The C-Reactor tower discharge to Four Mile Creek would include the 11.3 cubic 
meters per second of secondary cooling water flow, less approximately 0.8 
cubic meter per second of water evaporated in the tower. The Four Mile Creek 
flow (at Road A-7), other than the C-Reactor effluent, is approximately 0-6 
cubic meter per second. Table 2-4 lists monthly ' average water temperatures 
along the cooling water flow path (based on an average of Bush Field meteoro- 
logical data for 1953 through 1982) with the corresponding ambient stream 
temperature for the preliminary design of the once-through cooling tower* 
Additionally, Table 2-4 lists downstream temperatures under extreme (July 
1980) summer conditions. 

The cooling tower would be designed and operated in such a manner as to meet 
the maximum weekly average temperature (MWAT) criteria (EPA, 1977) to minimize 
thermal shock of fish that could occur with a reactor scram (Muhlbaier, 
1986)* The discharge from the once-through cooling tower would raise the 
ambient stream temperature in Four Mile Creek above the 2*8°C maximum 
temperature rise specified in the State of South Carolina's Class B water 
classification standards. Accordingly, a Section 316(a) study would be 
performed to demonstrate whether a balanced biological community would be 
maintained. 
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Table 2-4. Monthly Predicted Mean and Maximum {in Parentheses) 
Temperatures (°C) Along Cooling Water Flow 
Path of C-Reactor Once-Through Cooling Tower 



Temperature for 



Jan. 



Feb. 



Mar. 



Apr, 



May 



June 



July Aug. 



Sep. 



Oct, 



Nov . 



Dec. 



19(28) 20(28} 23(28) 24(30) 26(30) 28(31) 29(32) 29(32) 28(31) 24(31) 23(29) 2? (28) 

18(26) 18(26) 21(26) 23(28) 25(29) 28(30) 29(3T) 29(31) 27(30} 23(29) 21(27) 19(2&) 

17(24) 17(24) 21(25} 23(28) 25(29) 28(30) 29(31) 28(31) 27(30) 23(28) 20(26) 18(25} 

15(22} 16(22) 19(23) 22(26) 25(28) 27(30) 28(30} 28(30} 26(29) 22(26} 19(24} 16(22) 

13(20) 14(20} 18(21) 20(24) 23(27) 26(28} 27(29} 27(29) 25(27) 20(24} )7(21) 14(19) 

9(19) 11(19) 15(24} 19(25) 22(27) 25(31) 25(29) 25(29) 23(28) 21(25) 13(23) 13(18) 
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a. 



U.S. Geological Survey data for water year 1985 for station 02197342; Four Mile Creek at Road A^7 (USGS, 1986). 



Resource Utilization 



The existing withdrawal of about 11. 3 cubic meters per second of water from 
the Savannah River to C-Reactor would be unchanged for the once-through 
cooling-tower alternative. Discharges from C-Reactor to the river would be 
reduced by about 0*8 cubic meter per second due to evaporation, and the total 
suspended solids concentration would be reduced by settlement in the cooling- 
tower cold water basin. Chemical biocide added to the cooling water to pro- 
tect the tower would be neutralized. All discharges would meet State of South 
Carolina Class B water classification standards* 
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Construction of a once-through natural-draft cooling tower system would be 
completed in approximately 36 months after a 9-month lead design period. The 
estimated peak contractor manpower requirement, based on preliminary design 
information, is about 200 persons for C-Reactor, assuming a combined workforce 
with K-Reactor. The maintenance and operating workforce would be increased by 
approximately four mechanics. Approximately 35 acres of uplands would be dis- 



turbed by all construction activities . 
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Since the once- through cooling tower system is gravity flow with a natural 
draft tower, the- additional electricity requirements would be only for light- 
ing and chemical feed equipment. 

The present peak electrical load in C-Area is about 30.3 megawatts. An insig- 
nificant quantity of additional power would be required for lighting and other 
electrical equipment. 
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The estimated present -worth cost for the once-through natural-draft cooling 
tower at C-Reactor with gravity feed would be approximately $44 million, 
including production losses ($42.4 million without production losses). Esti- 
mated annual operating costs are $6.4 million. In addition to these costs, 
the estimated cost to conduct a Section 316(a) demonstration study is $1.25 
million. Preliminary design criteria suggest a 0. 2-percent annual average 
loss of reactor power attributable to the operation of a once-through cooling- 
tower system in comparison to the no-action alternative. 
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2.2.2.2 Recirculating Cooling Towers 

If a closed-cycle, recirculating cooling tower system were constructed, the 
cooling water discharges from C-Reactor would be conveyed initially in the 
same manner as in the once-through system (i.e., the same diversion box, pipe, 
canal, collection box, and pipe under Road 3). However, the natural-draft 
cooling tower would be somewhat smaller than in the once-through design, and 
the discharge from this tower would be pumped to a mechanical-draft tower near 
the existing C-Reactor cooling water reservoir (186-C basin). Figures 2-7 and 



2—8 - which are based on r *reliminar v ' design information 






and a site layout, respectively, of this recirculating system. 

The natural-draft cooling tower, when installed with the mechanical-draft 
tower in series, would be approximately 85 meters in diameter and 120 meters 
high* Six 1750 horsepower (1300 kilowatt) pumps would be provided to transfer 
the cooling water from the cold water basin under the first tower through a 
new steel pipe to the second tower* This 1 .8-meter diameter, underground 
steel pipe would run approximately 2 kilometers from the natural-draft tower 
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Figure 2-7. C-Reactor Recirculating Cooling Tower System Flow Diagram 
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northeasterly under Road 3, along the gravity flow canal, and around the north 
and east sides of C-Area to the inlet of the mechanical-draft cooling tower. 
This second tower would be constructed on top of about 5 meters of earth fill, 
so its discharge could flow by gravity back to the Building 186-C basin for 
reuse - 

The first tower would utilize chlorinated polyvinyl chloride (CPVC) and poly- 
vinyl chloride (PVC) fill to withstand the high cooling water temperatures* 
The second tower could use standard polyvinyl chloride fill, because the water 
reaching this tower would have been partially cooled at the first tower. The 
second tower would be approximately 70 meters in diameter by 20 meters high 
and would be equipped with 12 fans, each with a 190-kilowatt motor. 

A small water- treatment building would be located near each cooling tower. 
These buildings would be used to store a chemical biocide (probably sodium 
hypochlorite) that would be injected into the cooling water stream to prevent 
biofouling in the tower system* This would allow for injection of a non- 
chroma ted, organic-based, chemical corrosion inhibitor* This chemical has 
been approved by SCDHEC for use in cooling tower systems and is presently 
being used at SRP, 

Since the recirculating system would be designed to reduce production loss, as 
well as to meet environmental regulations, no piping has been provided to com- 
pletely bypass any cooling tower. Internal bypass valves would be included in 
each cooling tower to divert water directly to the cold water basin. These 
bypass valves, as well as sectionalizing valves which can isolate parts of the 

fr\r.TQ** f ■! 1 1 i.trtitl rl \y.a ni<a^ f«v f r\T A Maofhor r* +■ ra r* fr- • * t-* c qti^ r» r"k i i r r? ho kCO/I 

equipment repairs, if necessary* 






Whenever water would be recirculated, approximately 0*5 cubic meter per second 
of the second tower discharge would flow by gravity through a weir to the 
existing overflow pipeline from Building 18 6 -C. This pipeline flows by 
gravity back into the existing outfall canal . The flow would then follow the 
present path of cooling water to Four Mile Creek and the Savannah River, This 
blowdown flow is necessary to limit the increase in concentrations of solids 
and chemicals in the cooling water due to evaporation. The blowdown stream 
would be treated with a dechlorination chemical, probably sodium sulfite, 
before reaching the existing outfall canal and Castor Creek. 

The natural -draft cooling-tower area would be inside a patrol road and fence 
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existing Road 3. The existing fence and patrol road along the east side of 
the C-Reactor area would be relocated to encompass the new mechanical -draft 
cooling tower and accessories*, 
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A new electrical control room would be located within the C-Reactor production 
area near the second cooling tower. This room would contain the necessary 
switchgear and instrumentation for the operation of the cooling tower fans and 
the chemical-treatment equipment . Another new control room would be construc- 
ted near the natural-draft tower for operation of the dutods . 

*- ->- *. 

The recirculating system would require an upgrade of two sections of 
115-kilovolt overhead line totaling 10.5 kilometers- The upgrade would be the 
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same whether a recirculating system is installed in K-Area or in C-Area or in 
both areas* Both primary substations in the reactor area would be expanded to 
handle the increased electrical load* 



Dual 13.8-kilovolt electrical supplies would be provided to each locati 
having recirculating pumps or cooling tower fans. 



on 



The recirculation system pumps located at the natural draft cooling tower 
would be supplied from two independent electrical power supplies. Loss of one 
power supply could cause temporary loss of one half of the pumps depending on 
electrical power system design* Recirculation flow could be reduced by up to 
50 percent during this period; amount of reduction would be dependent on 
excess head capacity of the pumps* For conservatism, it is assumed that up to 
5.1 cubic meters per second could be discharged to the stream if pumps were 
not provided with automatic transfer on loss of one electrical power supply. 

The present design concept for a recirculating system includes pump start/stop 
buttons and pump running lights. No interlocks would be provided, or are con- 
sidered necessary, to scram the reactor* 



The C-Reactor central control room would be provided with push buttons and 
motor runnine lights for six mimns and 1 9 f^n.s . Hi cnhsrap ^f FT nonh fM « trf ^ rtr . m ^ 

flow and temperature indicators, and push buttons and position indicators for 
two diversion box isolation gates. 

Thermal Performance 
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The recirculating cooling^tower system would be designed for low tower dis- 
charge temperatures leading to compliance with the State of South Carolina's 
Class B water classification standards (i.e. , a maximum instream temperature 
°f j^-2 G )* The preliminary design parameters of a 2.8°C approach to a 
26 . 7"C wet bulb will assure compliance with this standard, even at the maxi- 
mum hourly 28°C wet bulb temperature measured at Bush Field from 1953 to 
1982* 

For the preliminary design parameters cited above, the blowdown flow to Four 
Mile Creek would be about 0*5 cubic meter per second at 2.5 cycles of concen- 
tration; the corresponding withdrawal from the Savannah River would be about 
1*6 cubic meters per second to make up the blowdown and evaporation losses 
from the system, as well as auxiliary system flows and 186-C basin overflow* 

T^h 1 A 9 — S 1 1 ft t" t: mnn i~ Vl "I 17 airor'ao-ci wafor H^mr^^*-^*-,**-^.". P«*- 1-1-.^ J-T^rtK-i-^-^rt ^.1^^-^ *-l 
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cooling water flow path (based on the preliminary design parameters and mete- 
orological data at Bush Field from 1953 through 1982), along with ambient 
stream temperatures . 
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Additionally, Table 2-5 lists downstream temperatures under extreme summer 
conditions of July 1980. Cooling water discharges from the recirculating 
cooling-tower system would not always comply with the State of South 
Carolina's Class B water classification standard that requires that "...free- 
flowing waters shall not be increased more than 2.8°C above natural tempera- 
ture conditions* " Accordingly, a Section 316(a) study would be performed 

to demonstrate whether a balanced biological community would be maintained. 
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Locati on 


O 


Discharge to creek 




Four Mi 1 e Creek at 
Road A 
Road A-13 
Swamp delta 
Mouth 




Ambient creek 5 



Table 2-5. 



Monthly Predicted Mean and Maximum (in Parentheses') 
Temperatures (°C) Along Cooling Water Flow 
p d th — C-Reactor Recirculating Cooling Towers 



Temperature for 



Jan, 



Feb. 



Mar. 



Apr. 



May 



June 



July Aug. 



Sep. 



Oct. 



Nov . 



14(25) 15(25} 18(26) 20(28) 23(28} 26(29) 27(30} 26(30) 25(29} 20(28) 



9(16) 
8(15) 
8(15) 



11(16) 

11(16) 

0(15) 



18(27) 

15(18) 18(21} 22(25) 25(27) 27(28} 26(28) 23(25) 17(21) 14(18) 
15(18) 18(21} 22(25) 25(23) 27(29) 26(28) 23(25) 17(21) 14(17) 
14(17) 19(21} 22(26) 26(28) 27(29) 27(29) 24(26) 17(20} 13(16) 



7(14) 10(14) 14(17) 17(19) 20(23) 24(25) 26(26) 25(25) 21(23) 15(19) 13(16) 
9(19) 11(19) 15(24} 19(25) 22(27) 25(31) 25(29) 25(29) 23(28} 21(25) 13(23) 



U.S. Geological Survey data for water year 1985 for station 02197342; Four Mile Creek at Road A-7 (USGS, 1986}. 



Dec. 



15(26) 



10(15) 
9(15) 
9(14) 
8(13) 

13(18} 



BC-3 
BC-15 



Resource Utilization 



C-Reactor presently receives approximately 11.3 cubic meters of cooling water 
per second from the Savannah River * This continuous flow passes through the 
reactor heat exchangers and discharges down Castor Creek and Four Mile Creek 
back to the Savannah River. If the recirculating cooling- towers alternative 
were implemented, the discharge from C-Reactor would be reduced to about 1 
cubic meter r»er second* The amount of water removed from the river would be 
reduced to about 1,6 cubic meters per second. 
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This alternative would be constructed in approximately hi months after a 
9-month design period. The estimated peak manpower requirement for C-Reactor 
is 300 persons , assuming a combined workforce with K-Reactor , The maintenance 
and operating workforce would be increased by approximately six mechanics. 
Approximately 60 acres of uplands would be disturbed by all construction 
activities . 
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The present peak electrical load for C-Area is about 30*3 megawatts* The 
electrical load would be decreased approximately 6 .4 megawatts because of the 
85 percent reduction in electrical load to pump water from the Savannah River 
to the 186-C basin* The total yearly energy reduction caused by this project 
would be the equivalent of the electricity produced by the combustion of 
approximately 12,800 barrels of crude oil. 
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The estimated present-worth cost of this alternative would be approximately 
$90 million including production losses ($58 million without production 



i ~_ > 



Estimated annual operating costs art: 






million . 
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these costs , the estimated cost to conduct a Section 316(a) demonstration 
study is $1.25 million. Preliminary design criteria suggest a 3.7-percent 
annual average loss of reactor power attributable to the operation of a recir- 
culating cooling-tower system, in comparison to the no-action alternative* 

2.2.2.3 No Action - Existing System 

The existing once- through cooling water system for C-Reactor withdraws 
approximately 11.3 cubic meters of water per second from the Savannah River at 
the 1G and 3G pumphouses . From these pumphouses the water passes through an 
interconnected network of underground pipe to the Building 186-C basin which 
has a capacity of approximately 95>000 cubic meters* 
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an interceptor pit and then through an underground steel pipe. The water 
flows to a reinf orced-concrete headwall at the existing C-Reactor cooling 
water outfall canal. This canal, lined with concrete and stone riprap, dissi- 
pates the energy of the discharge as it flows to Castor Creek, a tributary of 
Four Mile Creek. The discharge flows along Castor Creek and Four Mile Creek 
and into the Savannah River about 8 kilometers downstream from the D-Area 
powerhouse and the river-water pumping stations , 

C-Reactor discharges approximately 11.3 cubic meters of cooling water per 
second at an average temperature of 70 °C to 77°C. This flow includes 10.5 
to 10. 9 cubic meters per second from the reactor heat exchangers and 0.3 to 
. 6 cubic meter per second of service water and other flows . It does not 
include any overflow from the 186-C basin*, which is normally 0*2 cubic meter 
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per second but can be as high as 0* 95 cubic meter per second. This overflow 
is always at ambient water temperature; therefore, it adds no heat Load. 
Estimated annual operating costs for the no-action alternative are $6 .2 
million- 

Thermal Performance 

The temperature of the secondary cooling-system water at C -Reactor normally 
ranges between 47°C (average summer) and 61°C (average winter) above 
TE ambient. Virtually the entire flow withdrawn from the Savannah River is dis- 
charged to Four Mile Creek , with the auxiliary systems water mixing with the 
heated secondary cooling water* 

The temperature of the effluent water varies with the temperature of the river 
water, although the seasonal fluctuations of the latter are moderated by an 
inverse relationship between intake water temperature and temperature 
increase. Table 2-6 indicates monthly average and summer extreme temperatures 
along the cooling water flow path. The downstream heat-loss characteristics 
are based on meteorological data from Bush Field between 1953 and 1982; the 
extreme summer conditions are for July 1980- Table 2-6 also lists ambient 
creek temperatures * 

Table 2-6 illustrates that the State of South Carolina's Class B water classi- 
fication standard that specifies a maximum ins t ream temperature of 32. 2°C is 
exceeded at all times along points in the creek during C-Reactor operation* 
The heat loss along the creek implies an evaporation rate of approximately 0.5 
cubic meter per second between the discharge and the delta - less than 5 per- 
cent of the discharge flow. 

2.2*3 D-AREA POWERHOUSE ALTERNATIVES 

The alternatives for the D-Area coal -fired powerhouse are increased flow with 
mixing (DOE ' s preferred alternative ) , direct discharge to the Savannah River , 
and no action* The following sections describe these alternatives* 

2.2.3*1 Increased Flow with Mixing (Preferred Alternative) 

The D-Area powerhouse uses water pumped from the Savannah River for cooling. 
Most of this water is discharged from the condensers into an excavated canal 
that flows into Beaver Dam Creek about 1700 meters upstream from the Savannah 
River swamp. 

A closed^loop recirculation system utilizing an existing cooling tower can 
provide an alternative cooled water supply for one of the four units. 

During current normal operations , water is pumped by three of six pumps loca- 
ted in the Building 681-5G pumphouse , situated on a small inlet cove about 1.6 
kilometers upstream from the mouth of Beaver Dam Creek. The rated capacity of 
each pump is about 0.8 cubic meter per second, with a maximum sustained flow 

(Or Sk I I CIV fllimnf s*i £ oK***r«+- )i ^ ^-> t j J-i A S* mrtHrt**C nrti' r- £} r*-nr\ f\ T'Vk^i UQ f fl V fl/"SWC7 
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through an underground pipeline to a raw-water receiving basin in Building 
^83-lD. Excess water not utilized in the powerhouse and 400-Area water- 
treatment plant overflows a weir to mix with the powerhouse effluent stream 
before discharging into the D-Area outfall canal (see Figure 2-9). The 
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Location 



Discharge to outfal 1 

Pour Mile Creek at 
Road A 
Road A- 13 
Swamp delta 
Mouth 

Ambient creek 3 



Table 2-6. 



Monthly Predicted Mean and Maximum (in Parentheses} 
Temperatures {°C) Along C-Reactor Cooling Water Flow 
Path: No Action (Existing System) 



Temperature for 



Jan. 



Feb, 



Mar, 



Apr. 



May 



June July Aug. 



Sep, 



Oct. 



Nov . 



Dec, 



69(70) 69(71) 70(72) 71(73} 72(73) 73(74) 74(75) 74(75) 73(75) 72(74) 71(73) 70(72) 

49(51) 49(51) 50{52) 53(55) 55(57) 57(58) 57(58) 58(58) 57(58) 55(57) 52(53) 50(52) 

42(45) 42(44} 44(45) 46(48) 49(51) 50(51) 51(52) 51(52) 50(51) 49(50) 45(47) 43(45) 

32(35) 33(35} 34(36) 38(39} 40(42} 42(43) 43(43) 43(44) 42(42) 39(40) 35(37) 33(35} 

24(27) 24(27) 27(29) 30(32) 33(35) 35(36) 36(37) 36(37) 34(35) 31(33) 27(29) 25(27} 

9(19) 11(19) 15(24} 19(25) 22(27) 25(31} 25(29) 25(29) 23(28) 21(25) 13(23) 13(18) 
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a. U.S. Geological Survey data for water year 1985 for station 02197342; Four Mile Creek at Road A-7 (USGS, 1986). 
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Figure 2-9. D-Area Existing System Flow Diagram 



corresponding flow rate in Beaver Dam Creek at the SRP Health Protection 
Department monitoring station using various numbers of pumps is as follows : 
three pumps » 2*6 cubic meters per second; four pumps , 3.5 cubic meters per 
second; five pumps , 4.0 cubic meters per second; and 6 pumps* 4.5 cubic meters 
per second. 

The increased-f low-wittwmixing cooling water alternative would require the 
intermittent use of four to six pumps to provide a total flow (as much as 4.5 
cubic meters per second at the HP monitoring station) of Savannah River water 
to the raw-water receiving basin. The overflow rate would be adjusted to 
maintain a maximum iustream temperature of 32. 2°C. The temperature would be 
monitored by an automatic monitoring station, maintained at the compliance 
point, and displayed in the powerhouse control room. The existing one-unit 
recirculation system with a cooling tower would continue to operate as at 
present. 

Because sufficient pumping capacity is already available in the Building 
681-5G pumphouse, no major new construction would be necessary to implement 
increased flow with mixing , and the plan could be implemented immediately. 
However, increased operation of the existing pumps would require circulation 
of more water from the Savannah River, consumption of more electricity, and a 
slight increase in maintenance cost* 

Thermal Performance 

The temperature of the D-Area cooling water withdrawn from the Savannah River 
rises as it passes through the powerhouse condensers. The flow from one of 
the four powerhouse condensers normally is directed to a cooling tower (design 
conditions for the cooling tower are: hot-water temperature, 40 °C; wet-bulb 
temperature, 24°C; discharge temperature, 32°C) . The blowdown flow from 
the cooling tower is negligible compared to the flow through the once- through 
system. The rate of evaporation from the cooling tower at design conditions 
is approximately 0*01 cubic meter per second; thus , essentially all of the 
water (99-5 percent at normal flow) withdrawn from the Savannah River for 
D-Area cooling is discharged to Beaver Dam Creek* 

The temperature of the cooling water discharge from the D-Area powerhouse 
would vary due to variations in the temperature of the water withdrawn from 
the Savannah River and powerhouse loadings . Table 2—7 shows monthly average 
water temperatures along the cooling water flow path (based on meteorological 
data for Bush Field from 1953 through 1982) along with the corresponding 
ambient stream temperatures » assuming operation of as many as five pumps (4,0 
cubic meters per second) during extreme summer conditions. Discharge tempera- 
tures are based on measured values from 1985 and 1986. 
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Table 2-7 indicates that under average seasonal meteorological conditions the 
discharge to the creek from the operation of the D-Area powerhouse will meet 
the State of South Carolina's Class B water classification standard of a maxi- 
mum ins t ream temperature of 32* 2°C, provided that, under extreme summer con- 
ditions, the flow to the raw-water basin will be increased from 2.6 to as high 
as 4.0 cubic meters per second to decrease the discharge temperature * The 
current discharge from the D-Area powerhouse would continue to exceed the TC 
Class B water classification standard of a maximum 2*8°C ambient rise in 
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1^ 



Locati on 



Discharge to creek 
Swamp delta 
Mouth 

Ambient creek 3 



Table 2-7, Monthly Predicted Mean and Maximum (in Parentheses) 
Temperatures (°C) Along Cooling Water Flow 
Path of D-Area Powerhouse for Increased Flow 
with Mixing Alternative 



Temperature for 



Jan. 



Feb. 



Mar, 



Apr, 



May 



June 



July Aug, Sep. 



Oct. 



Nov 



18(27) 
J7<25) 
13(20) 



16(22} 

J6<27> 
14(19) 



21 {27) 

20(26) 



24(29) 
24(28) 
20(24) 



28(30) 
27{30) 
24(27) 



29(32} 
28(31) 
26(29) 



28(30) 
28(30) 
27(29) 



28(31) 
28(31) 
27(29) 



27(31} 
27(30} 
25(27) 



27(32) 
26(31) 
21(26) 



26(31) 
24(29) 
19(23) 



Dec 



19(31) 
18(28) 
14(21} 



TJT5 ^ 

BC-14 



8(15} 9(14) 12(17} 15(20} 19(22) 21(25) 23(27) 23{26) 23(26) 20(23) 17(22) 12(18) 



a. 



Average U.S. Geological Survey data for water years 1976 to 1985 for station 02197320; Savannah River near Jackson, 
South Carolina (USGS, 1977, 1978, 1979, 1980, 1981, 1982, 1983, 1984, 1985, 1986). 



stream temperature. A Section 3L6(a) demonstration study would be performed 
to show whether a balanced biological community would be maintained. 






The current flows in Beaver Dam Creek downstream from the D-Area discharge 

canal average approximately 2.6 cubic meters per second . During extreme sum- 
mer conditions, the implementation of this alternative would increase that 
flow to a maximum of 4.0 cubic meters per second, and would temporarily affect 
an estimated U acres each of uplands and wetlands. 

No appreciable change in the chemical characteristics of the effluent is 
expected because no chemicals would be used in implementing this alternative* 

Each operating pump at the Building 681-5G pumphouse consumes approximately 
8700 kilowatt-hours of electricity per day* When all four D-Area units are 
operating* three pumps are required to supply cooling water* Assuming that 
additional pumping is continued all day whenever the discharge water tempera- 
ture exceeds 31 "C* the estimated increase in electric-power consumption is 
approximately 6 percent . The amount of electricity used at this pumphouse is 
a small portion of the overall SRP use. Therefore* the incremental increase 
in the use of electricity for D-Area would be extremely small. 

The estimated increase in annual operating cost for incremental electric con- 
sumption is $30*000. In addition, the cost to conduct a Section 316(a) 
demonstration study is estimated at $1.25 million* 

2,2.3*2 Direct Discharge to Savannah River 

Another alternative for the cooling water discharge from the D-Area powerhouse 
is the extension of the existing discharge piping to the Savannah River 
(Figures 2-10 and 2-11) . The existing cooling water system would continue to 
pump the present flow from the Building 681-5G pumphouse to the Building 
483-1D raw-water receiving basin and through the condensers. The existing 
cooling tower would continue to operate as a recirculating system for one con- 
denser. However, the existing discharge headers from the condensers would be 
intercepted by a new interceptor sump* From this point a new underground pipe 
about 1.5 kilometers long would enable the water to flow by gravity to the 
Savannah River, about 91 to 152 meters downstream from the Building 68 1-5 G 
pumphouse * The existing effluent discharge canal would no longer receive 
cooling water, but would continue to receive overflows from the raw-water 
basin * 

The new pipeline would be located between the existing supply pipeline from 
the pumphouse and the existing power lines running to the pumphouse. It would 
cross under an unnamed stream and extend through approximately 400 meters of 
swamp before reaching the river. 

The discharge structure at the river would be a sparging type extending into 
the river about 90 to 150 meters downstream of the 5G intake structure to 
avoid any recirculation. The discharge structure would promote mixing cooling 
water effluent with the river water flow* 
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Figure 2-10. D-Area Discharge to Savannah River Alternative 
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Figure 2-11. D-Area Direct Discharge to Savannah River Flow Diagram 



Thermal Performance 

With the direct-discharge alternative, the temperature of the D-Area power- 
house cooling water discharge would vary due to variations in the temperature 
of water withdrawn from the Savannah River and powerhouse loadings. Table 2-8 
shows the seasonal variation in river and discharge temperatures and indicates 
that these temperatures for all average seasonal conditions are less than 
32*2°C» assuming an 8°C rise in the temperature of cooling water withdrawn 
from the Savannah River as it passes through the powerhouse condensers * Dur- 
ing extreme summer conditions the discharge temperature is 36 °C. 

In accordance with the State of South Carolina's regulations for water classi- 
fications and standards, the ambient water temperatures of Class B waters may 
not be increased by more than 2.8"C or exceed a maximum of 32,2**0 as a 
result of thermal discharges, unless a mixing zone has been established. The 
purposes of the mixing zone are to allow the safe passage of aquatic organisms 
and to allow protection and propagation of a balanced indigenous population of 
««,.«*- ^ « ~~- n ^*i s.^^ tk-i'c *r*n^ i c t-i-i ho hacpri nn rn'tiral flow conditions. 

Table 2-8 lists the percentages of total cross-sectional areas and widths cor- 
responding to temperatures of less than 2.8"C and temperatures of less than 
32.2°C. Even under summer extreme conditions, the zone of passage would 
encompass 93 percent (width) and 99 percent (cross-sectional area) of the 
Savannah River, 

Resource Utilization 

The existing flow of water from the Savannah River to the D-Area powerhouse 
would be unchanged* Flow in the existing effluent canal, however, would be 
reduced from the current average of about 2.6 cubic meters per second to about 
0.5 cubic meter per second during normal powerhouse operations. At maximum 
powerhouse operations, the flow in the canal would be about 0-3 cubic meter 
per second. This flow would increase to about 0.9 cubic meter per second when 
the powerhouse is shut down. Beaver Dam Creek would receive intermittent 
rainfall runoff and groundwater seepage in addition to this reduced flow. 
Chemical and suspended-solids characteristics of the cooling water effluent 






Connection of the new outfall pipe to the existing condenser outlet piping 
would require temporary shutdown of units operating in a once-through mode at 
the time of connection* 

Construction of the pipeline to the river could be accomplished in approxi- 
mately 22 months with a peak contractor manpower requirement of 40 persons. 
No increase in the maintenance or operation workforce would be necessary. The 
22-month construction schedule includes the building of a new temporary road, 
a support structure for the pipeline through low-lying areas, and the submit- 
tal and approval of necessary permits. An estimated 5 acres of uplands and 1 
acre of wetlands would be disturbed by construction- Any excess excavated 
material would be removed from the construction area and deposited at an 
approved spoil site so that natural drainage would not be disturbed. 

Construction of the sparge system would disturb the river bank, and it would 
be restored to protect the floodplain system downstream. 
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Table 2-8, Temperatures and Passage Zone Sizes for D-Area 

Powerhouse Direct Discharge Into Savannah River 



Location or area 



Winter 
average 



Spring 

average 



Summer 
average 



Summer 
extreme 



Temperature (°C) 

Withdrawal from river 
Discharge to river 

Maximum river cross- 
sectional area (percent 
of total) having temperature 
(°C) less than 

2.8 (excess) 
32*2 (absolute) 

Maximum river width (percent 
of total) having temperature 
excess (°C) less than 

2.8 (excess ) 
32.2 (absolute) 



8 
16 



99*7 
100 



95 
100 



17 
25 



99.7 
100 



95 
100 



23 
31 



99*5 
100 



94 
100 



28 
36 



99*3 
99.7 



93 
96 



a. Based on results of thermal modeling as described in Appendix B. 

b * Modeling parameters for summer extreme use minimum 7-day average flow 

with an average frequency of once in 10 years (7Q10) for the Savannah 

River. 
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The capital cost of this alternative would be approximately $14 million* 
There would be $50>000 additional annual operating costs associated with this 
alternative * 

2,2*3*3 No Action - Existing System 

Under the no-action alternative, the existing withdrawal of Savannah River 
water and discharge to Beaver Dam Creek would continue. An average of about 
2*6 cubic meters per second of water would be pumped from the Savannah River 
to the D-Area powerhouse for cooling and then discharged from the cooling 
system to Beaver Dam Creek* 

Thermal P e r f o r man c e 

Table 2-9 lists monthly average water temperatures along the cooling water 
flow path (based on meteorological data at Bush Field from 1953 through 1982), 
along with corresponding ambient stream temperatures; discharge temperatures 
are based on 1985 and 1986 measurements. 
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Table 2-9. 



Temperatures (°C) Along Cooling Water Flow 

Path — D-Area Powerhouse — No Action (Existing System) 



I 



Locati on 



Discharge to creek 
Swamp delta 
Kftuth 



Temperature for 



Jan . 



Feb. 



Mar. 



Apr. 



May 



June 



July Aug. Sep. 



Oct. 



Nov . 



18(27) 

17(25) 
17<22) 



16(22) 
16(21) 
17(21) 



21(27} 
20(26) 
20(24) 



24{29) 
24(28) 
24(27) 



28(32} 
27(31) 
27(29) 



29(34) 
28(33) 
29(31) 



28(33) 
28(33) 
30(31) 



28(33} 
28(32) 
29(31) 



27(33) 
27(32) 
28(30) 



27(34) 
26(32) 
25(29) 



26(33} 
24(30} 
22(27) 



Dec. 



19(31) 
18(28) 
18(23) 
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BC-14 



Ambient creek 



8(15) 9(14) 12(17) 15(20) 19(22) 21(25) 23(27) 23(26) 23(26) 20(23) 17(22) 12(18) 



a. Average U.S. Geological Survey data for water years 1976 to 1985 for station 02197320; Savannah River near Jackson, 
South'Carolina (USGS, 1977, 1978, 1979, 1980, 1981, 1982, 1983, 1984, 1985, 1986), 



Table 2-9 indicates that during average conditions, the discharge to the creek 
will meet the maximum/ ins tr earn temperature standard of 32*2 (> C. However, 
under extreme meteorological conditions, the discharge temperature could be 
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classification standard. The discharge from the D-Area powerhouse would 
exceed the Class B water classification standard of a maximum 2.8°C ambient 
rise in stream temperature. 



2,3 COMPARISON OF ALTERNATIVES 



For each of the three facilities, selection of the no-action alternative would 
result in a continuation of present cooling water discharges that would not 
comply with the State of South Carolina ' s Class B water classification stand- 
ard of a maximum instream temperature of 32.2°C. The construction and 
operation of either once-through or recirculating towers for K- and C-Reactors 
and implementation of either increased flow with mixing or construction and 
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would result in discharges that would comply with this standard. Construction 
and operation of once- through or recirculating cooling towers for K- and 
C-Reactors and implementation of increased flow with mixing for the D-Area 
powerhouse would also require the conduct of Section 316(a) studies to deter- 
mine whether a balanced biological community would be maintained , because dis- 
charges from these alternatives would exceed the Class B water classification 
standard of a maximum instream ambient temperature rise of 2,8°C. The fol- 
lowing comparison discusses the major differences that would occur from the 
implementation of each of the alternatives . 
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2,3.1 ALTERNATIVES FOR K-REACTOR 



Either of the two cooling- tower alternatives would reduce significantly the 
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ronmental difference between these alternatives is that the recirculating 
cooling towers would withdraw less water from the river (about 1 .6 cubic 
meters per second) and release less to the creek (about 1 cubic meter per 
second ) than the once-through tower (about 11 . 3 and 10 . 5 cubic meters per 
second, respectively) . This would result in reduced entrainment losses of 
fish eggs and larvae and reduced impingement losses of adult and juvenile fish 
with the recirculating towers . The reduced flow in Pen Branch and its delta 
would also result in successionai reestablishment of a greater amount of wet- 
lands than would occur with the once-through alternative ; on the other hand , 
the lower flow would also reduce the existing amount of aquatic habitat in the 
creek and parts of the swamp than would occur with the once-through tower. 
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Both alternatives would allow the reestablishment of aquatic faunal and floral 
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ever, the once-through coo ling- tower alternative would exhibit a greater 
amount of water-level fluctuation, causing some stress to aquatic organisms. 

The implementation of recirculating cooling towers would cause fewer thermal 
effects than once-through towers; however, the flooded habitat area would be 
smaller. Most aquatic communities would benefit from the reduced flow and 
decreased magnitude of the water-level fluctuations with the implementation of 
a recirculating system. Neither alternative would cause cold shock, because 
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both would meet the Maximum Weekly Average Temperature criteria for winter 
shutdowns would be met* Dissolved-solids concentrations in the discharge 
would be higher with the recirculating alternative because of cycles of con- 
centration; however, total suspended solids discharged would be greatly 
reduced* 



TC 



AD-1 
BC-13 



TC 

BC-22 



The fluctuating water levels and high flow rates associated with the once- 
through alternative could destroy nests, eggs, and hibernation sites of the 
American alligator. This alternative would also minimize the availability of 
preferred foraging habitat for the endangered wood stork. The implementation 
of the recirculating cooling tower would greatly improve habitat quality for 
the American alligator and the wood stork. Because of the reduced flow, eggs, 
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The following relative rankings of future wildlife effects were determined for 
the various cooling water alternatives (Mackey et al,, 1987)* Effects to ter- 
restrial wildlife from the construction of the once- through and recirculation 
cooling towers are essentially equal* because either type of tower would be 
constructed at the same locations , and pipeline and other support facilities 
would affect essentially the same locations. Small stream fish species would 
benefit more from the recirculation alternative in the upper reaches of the 
creeks. In the middle and lower reaches, species such as the catfish and sun- 
fish would benefit more from the once-through alternative* In the deep swamp 
environment, fish that are more likely to use the swamp during the spawning 
period would benefit more from the recirculation al ternative * In the Savannah 
River swamp, wading birds would benefit more from the recirculation alterna- 
tive* Overwintering waterfowl such as the mallard would benefit more either 
from present SRP operations or from the once-through coo ling- tower alterna- 
tive; these alternatives either maintain the existing marsh-type environment 
in the swamp for wintering waterfowl or permit the expansion of this type of 
habitat as deep swamp wetlands ( cypress/ type lo) are reduced and converted to 
more open wetlands due to releases of high flows of cooling water effluent. 

The impacts of both systems on air quality would be similar; however, because 
a recirculating cooling- tower system includes two towers operated in series 
with 2.5 cycles of concentration, the maximum ice accumulation near the towers 
would be greater for the recirculating system (7 millimeters versus less than 
1 millimeter) , as would the maximum annual deposition of total solids (2*2 
kilograms per acre per year within about 2 kilometers from the tower versus 
• 5 kilogram per acre per year for the ones— through tower ) * Because these 
deposition rates are far below the levels that can cause reduced vegetation 
productivity (83 kilograms per acre per year) , no impacts on vegetation or 
wildlife are expected. 

The operation of the once-through cooling tower would not cause any signifi- 
cant changes in the remobilization of radionuclides contained in the Pen 
Branch bed t because the flow in the creek would remain essentially unchanged* 
The operation of recirculating towers would result in a calculated decrease of 
about 0.12 curie of cesium released to the Savannah River over a year due to 
the reduced flow. The implementation of either 'the once-through cooling tower 
or recirculating cooling towers would slightly reduce the radiological doses 
to the maximum individual and the population compared with the existing 
direct -discharge system, which are presently well within standards - The 
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decrease in maximum individual and collective (population) doses , however, 
would be greater for recirculating cooling towers than for once-through towers. 

The once- through coo ling- tower system for K-Reactor would cost approximately 
$47 million less to construct than recirculating cooling towers. However, 
recirculating towers would cost approximately $2 million less to operate each 
year. In addition* recirculating cooling towers would require approximately 6 
months longer to construct. The implementation of recirculating cooling 
towers would lower reactor power by 3.7 percent, in comparison to only 0-2 
percent with the once-through system. Costs to conduct a Section 316(a) Dem- 
onstration study would be the same for both alternatives. 

Table 2-10 provides a summary comparison of the alternatives for K-Reactor. 

2.3.2 ALTERNATIVES FOR C-REACTOR 

The comparisons of impacts of the two cooling-tower alternatives are similar 
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The recirculating cooling towers would 



allow the reestablishment of approximately 1000 acres of wetlands, compared to 
more limited revegetation with the once-through cooling-tower alternative ; 
however, there would be less aquatic habitat in the creek and swamp because of 
lower flow associated with the recirculating system* 

The implementation of either system would result in cooling water discharges 
that are in compliance with the 32*2°C Class B water classification standard 
for temperature and dissolved oxygen. Both systems would improve habitat over 
existing conditions for the alligator and wood stork. 

Similar impacts to air quality and noise would be expected from both systems* 
However, the recirculating cooling-tower system would include two towers in 
series with 2*5 cycles of concentration; these towers would cause greater ice 
buildup (7 millimeters versus less than 1 millimeter). Salt deposition would 
also be greater with the recirculating towers (2,2 kilograms per acre per year 
within about 2 kilometers) than with a once-through system (0*5 kilogram per 
acre per year)* Because these deposition rates are far below the levels that 
can cause reduced vegetation productivity (83 kilograms per acre per year), no 

The remobilization of radionuclides and dose effects would be similar to those 
described for K-Reactor. The recirculating cooling towers would result in a 
calculated decrease in the amount of cesium released to the Savannah River by 
about 0.21 curie per year. Both the maximum individual and the population 
doses would decrease through the implementation of either the once-through 
cooling-tower or the recirculating-cooling-towers alternative. 

Table 2-11 provides a summary comparison of the alternatives for C-Reactor. 

2.3.3 ALTERNATIVES FOR D-AREA 

The implementation of the increased-f low alternative would not alter the flow 
or temperature of Beaver Dam Creek except during those periods (May through 
September) when the system could be activated to maintain water temperatures 
below 32,2°C* Therefore* the existing aquatic habitat would be maintained, 
and its value to alligators, fish, and other aquatic organisms would be 
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Table 2-10 



Impacts 



SCHEDULE FOR 
IMPLEMENTATION 



Comparison of Cooling Water Alternatives for K-Reactor 
(page 1 of 5) 



No action 



Current 



Once-through 
cooling tower 

(preferred 
al ternative") 



Recircul ating 
towers 



Construction of 
this system would 
require about 36 
months after a 
9-month design 
period. 



Construction of this 
system would require 
about 42 months 
after a 9-month 
design period. 





PRELIMINARY 








PRESENT-WORTH 








(MILLION $) 








- including 


$0 


$43.0 




product ion 
loss 








- excluding 


$0 


$41.4 


AD-1 


production 






BC-6 


loss 








ESTIMATED 


$6.2 


$6.4 




OPERATING COST 








(MILLION $ PER 








YEAR) 








SOCIOECONOMICS 


No additional 


Peak construction 






work force 


workforce of 200 






required. 


persons; four 
additional 
mechanics required 
for operation. 



WATER WITHDRAWAL 
AND QISCHARGE 
RATES 



AD-1 



BB-1 
BB-2 
BB-3 
BC-iO 



WATER QUALITY 



About 11.3 cubic 
meters per second 
would continue to 
be withdrawn from 
the Savannah 
River and 
discharged into 
Indian Grave/Pen 
Branch . 



Dissolved oxygen 
concentrations 
are below 
standards 
intermittently 
during the summer 
and total 
suspended sol ids 
are si ightly 
higher than 
ambient stream 
levels. 



Withdrawal the 
same as for no 
action; discharge 
to Indian 
Grave/Pen Branch 
would be about 92% 
of that for no 
act ion or 10.5 
cubic meters per 
second . 



State Class B 
water classi- 
fication standards 
for dissolved 
oxygen concen- 
trations would be 
met. There would 
be some reduction 
In total suspended 
sol ids. 



$39.3 
$58.0 

$4.4 



Peak construction 
workforce of 300 
persons; six 
additional mechanics 
required for 
operation . 

Withdrawal of river 
water would be about 
4.5% of that for no 
action or 1 . 6 cubic 
meters per second. 
Discharge to Indian 
Grave/Pen Branch 
would be about 10% 
of that for no 
action or about 1 
cubic meter per 
second . 

State Class B water 
classification 
standards for 
dissolved sol ids 
concentrations would 
be higher than no 
action or once- 
through cool ing 
tower because of 
cycles of concen- 
tration; however , 
total suspended 
sol i ds di scharged 
would be greatly 
reduced. 
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Table 2-10. 



Comparison of Cooling Water Alternatives for K -Reactor 
(page 2 of 5) 



Impacts 



TEMPERATURE 
AMD FLOW 
EFFECTS 



ENTRAINMENT/ 
IMPINGEMENT 



HABITAT 



No action 



Once-through 
cool ing tower 

(preferred 
alternative* 1 ) 



Recircul at ^ng 
towers 



Water temperature 
in Indian 
Grave/Pen Branch 
would exceed 
State Class B 
water classi- 
fication 

standards. There 
woul<j cont inue to 
be few aquatic 
organisms in the 
thermal areas of 
Pen B r -^ p ^ ^* .in^ 
Us delta, A 
thermal barrier 
will prevent 
aquatic movement 
in Indian Grave/ 
Pen Branch. Fish 
spawning in the 
creek and delta 
would remain 
reduced. There 
would continue to 
be a potential 
for cold shock 
during the winter. 



Water withdrawal 
would continue to 
cause entrainment 
losses of about 
13.4 x io b fish 
eggs and larvae 
and the loss of 
about 2942 fish 
to impingement 
annual ly . 

Flow and 
temperature 
impacts would 
continue to 
result in the 
loss of about 26 
acres of wetlands 
each year. 



SOLIDS DEPOSITION Hone. 



State Class 8 
water classif i - 
cation standards 
for temperature 
(32.2"C) would be 
met; a Section 
316(a) Demonstra- 
tion study will be 
performed for 
exceodances of 
2.8 (1 C rise in 
ambient stream 
v.empera tU res . 
Aquatic organisms 
would become 
establ ishcd in 
present thermal 
areas. Thermal 
barrier would be 
removed. Creek 
and delta would be 
opened to fish 
spawning and 
foraging. There 
would be no 
potential for cold 
shock because MWAT 
(EPA, 1977) 

criteria would be 
met. Water levels 
would continue to 
fluctuate. 

Effects would be 
about the same as 

for no action- 



Wetland losses 
would decrease; 
some successional 
revegetation would 
occur. About 25 
acres of uplands 
woul d be affected 
by construction. 



Maximum annual 
total-sol ids 
deposition within 
about 2 km of the 
tower would be 



State Class B water 
classification 
standards for 
temperature (32.2°C) 
would be met ; a 
Section 376(a) study 
would also be 
performed. Similar 
mitigation of 
thermal effects that 
would occur with 
once-through towers, 
except habi tat area 
for spawning and 
foraging woul d be 
smaller because of 
reduced flow; 
magnitude of water 
level fluctuations 
would be less . 



Annual entrainment 
and impingement 
lasses would be 
reduced to about 2.0 
x 10 6 fish eggs and 
larvae and 427 fish, 
respectively. 



Wetland losses would 
essentially cease 
and about 500 acres 
of wetlands would 
successively 
revegetate; about 50 

Arm*: rtf unlnn^c 

would be affected by 
construct ion. 

Maximum annual 
total -sol ids 
deposition within 
about 2 km of the 
tower would be about 



EB-1 



BD-5 



BC-19 

BD-3 



TC 
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Table 2-10. 



Comparison of Cooling Water Alternatives for K-Reactor 
(page 3 of 5) 



Impacts 



Mo action 



Once-through 
cooling tower 

(preferred 
al ternative b ) 



Recirculating 
towers 



about 0.5 kilogram 2.2 kilograms per 



ENDANGERED 
SPECIES 



TC 



AIR QUALITY 



TC 



Thermally affected 
areas of Pen 
Branch and swamp 
would continue to 
be too hot for 
alligators. Low 
fish densities 
and high water 
levels "limit 
forage value for 
wood stork . Wo 
impacts on 
shortnose 
sturgeon and 
red-cockaded 
woadoecker . 



Mo impacts. 



per acre per 
year. Oepos it ion 
rates are far 
below levels that 
cause reduced 
vegetation 
productivity. 

All igotor habitat 
would be improved 
by lower water 
temperatures . 
Some improvement 
of wood stork 
foraging habitat 
would result from 
increased fish 
concentrations 
although continued 
h igh flows woul d 
maintain deep 
water conditions. 
No impacts on 
shortnose 
sturgeon, 
red-cockaded 
woodpecker, and 
bald eagle. 



Construction would 
result in 
temporary small 
increases in 
carbon monoxide 
and hydrocarbons 
from engine 
exhaust. Also 
some transient 
increases in 
airborne dust. 

Maximum annual- 
mean frequency of 
reduced ground- 
level visibility 
to less than 1000 
m would be about 2 

hnurc; npr vp,ir . 



acre per year. 
Deposition rates are 
far below level s 
that cause reduced 
vegetation 
productivity. 



Some all igator 
habitat would be 
available; however, 
lower flows would 
decrease potential 
habitat area 
resulting in less 
improvement than 
with once-through 
towers. Potential 
for improvement of 
wood stork habitat 
would be increased 
due to lower water 
levels in the creek 
and delta. No 
impacts on shortnose 
sturgeon , 
red-cockaded 
woodpecker, and bald 
eagle. 

Construction impacts 
would be similar to 
those for once- 
through tower. 



Reduction in ground 
level visibil i ty 
would be about 2 
hours per year. 



TC 



Maximum ice 
accumulation on 
horizontal 
surfaces wouTd be 
no more than 1 



Maximum ice 
accumulation on 
horizontal surfaces 
would be no more 
than l mm beyond 
0.3 km of the 
tower. Maximum 
predicted thickness 
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Table 2-10 



Comparison of Cooling Water Alternatives for K-Reactor 
(page 4 of 5) 



Impacts 



No action 



Once-through 
cool ing tower 

( preferred 
alternative 11 ) 



Recirculating 
towers 



NOISE 



No impacts. 



Maximum occurrence 
of visible plumes 
would be about 180 
hours per year 
within 0,4 km of 
the tower and 30 
hours per year at 
2 km. 

Construction would 
cause some 
temporary, 
increases in noise 
in the project 
area. 



would be 7 mm, 
occurring within 
0.4 km of the tower 
with a total 
frequency of 88 
hours per winter 
season . 

Visible plume occur 
rence would be less 
frequent than that 
of once-through 
towers (180 hours 
per year within 2 
kilometers of the 
tower) , 

Same as for once- 
through tower. 



TC 



TC 



ARCHAEOLOGICAL 
AND HISTORIC 
SITES 



No impacts 



Operation noise 
beyond about 152 m 
from the tower 
would tie 
negligible. 



No impacts. 



Operation noise 
beyond about 152 m 
from the tower would 
average less than 70 
decibels. Sound 
would consist of fan 
noise and fall ing 






No impacts. 



TC 



RADIOCESIUM 
TRANSPORT 



RADIOLOGICAL 
RELEASES AND 
DOSES 



About 16.2 Ci Of 
radiocesium were 
released from the 
K-Reactor area 
through 1980. 
Creek sediments 
at the Pen Branch 
delta exhibit 
average 
cesium-137 
concentrations of 
4.7 picocuries 
per gram. 

Cumulative max- 
imum individual 
effective whole- 
body dose would 
continue at about 
3,3 mill irem per 
year. Collective 
effective whole- 



The operation of 
this alternative 
would not result 
in any significant 
changes in 
remobil ization of 
radionucl ides 
since flow in Pen 
Branch would 
remain essentially 
unchanged. 



Amount of radio- 
activity released 
would not change; 
however, pathway 
would be 
affected, Annu- 
ally, about 50 
additional Ci of 



The operation of 
this alternative 
would reduce flows 
in Pen Branch 
resulting in a 
calculated decrease 
in the cesium 
released to the 
Savannah River of 
about 0.72 Ci per 
year. 



Annually, about 425 
additional Ci of 
tritium would be 
released to 
atmospheric pathway 
and 425 "less Ci of 
tritium would be 
. released to 1 iquid 



BC-22 
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Table 2-10. 



Comparison of Cooling Water Alternatives for K-Reactor 
(page 5 of 5) 



Impacts 



No action 3 



Once-through 
cool ing tower 
{preferred 

alternative ) 



Recirculating 
towers 



B022 



BC-22 



body dose to 
regional popu- 
lation and 
downstream water 
consumers would 
be about 81 
person-rem per 
year. Population 
doses are about 
0.074 percent of 
natural back- 
ground. 



trit ium would be 
released to 
atmospheric path- 
way and about SO 
Ci less of tritium 
would be released 
to liquid path- 
way. This would 
reduce maximum 
individual 
effective whole- 
body dose by 1 . l x 
1 0~ 4 mill irem per 
year; collective 
effective whole- 
body dose to 
regional popu- 
lation and down- 
stream water 
consumers would 
decrease by 0-028 
person-rem per 
year. 



pathway. Change in 
cesium-1 37 and 
tritium release 
would reduce maximum 
individual effective 
whole-body dose by 
about 0.070 mill irem 
per year; col lective 
effective whole-body 
dose to regional 
population and 
downstream water 
Consumers would 
decrease by about 
Q.4B person-rem per 
year. 



a. No action is defined as the continuation of existing operations of 
K-Reactor * 

b. The preferred alternative is to construct and operate once-through cooling 
towers (gravity feed and natural draft), characterization of environmental 
effects is based on a natural-draft cooling tower. 
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Table 2-11 



Comparison of Cooling Water Alternatives for C-Reactor 
(page 1 of 5} 



Impacts 



No action 



Once- through 
cooling tower 

(preferred 
alternative") 



Rec ircul ating 
towers 



SCHEDULE FOR 
IMPLEMENTATION 



PRELIMINARY 
PRESENT-WORTH 
(MILLION $) 

- including 
production 
loss 

- excluding 
product ion 
loss 



Current 



$0 
$0 



Construction of 
the system woul d 
require about 36 
months after a 
9-month design 
period. 



$44.0 



$42,4 



Construction of the 
system would require 
about 42 months 
after a 9-month 
design period. 



$89.8 



$58.0 



TC 



AD-1 
BC-6 



ESTIMATED OPER- 
ATING COST 
INCREASE (MIL- 
LION $ PER YEAR) 

SOCIOECONOMICS 



$5.2 



$6.4 



$4.4 



WATER WITH- 
DRAWAL AND 
DISCHARGE 
RATES 



WATER qUALITY 



Mo additional 
work forts 

reouired. 



About 11,3 
cubic meters 
per second 
are withdrawn 
from the Savannah 
River and 
discharged into 
Four Mi le Creek. 



Dissolved oxygen 
concentrations in 

Cnnr Milo Cvaalr 

are below stan- 
dards inter- 
mittently during 
summer and total 
suspended solids 
are slightly 
higher than 
ambient stream 
levels. 



Peak construction 
workforce Of 200 
persons: four 
additional 
mechanics required 
for operation. 

Withdrawal the 
same as for no 
action; discharge 
to Four Mile Creek 
would be about 92% 
of that for no 
action or 10.5 
cubic meters per 
second. 



State Class B 
water classi- 

■ >^u^iw>i w> v- op j 

dards for 
temperature 
<32.2°C) and 
dissolved oxygen 
concentrations 
would be met . 
There would be 
some reduction in 
total suspended 
sol ids ■ 



Peak construction 
workforce of 300 
persons: six 
additional mechanics 
required for 
operat ion. 

Withdrawal of river 
water would be about 
14.5% of that for no 
action or 1 ,6 cubic 
meters per second. 
Discharge to Four 
Mile Creek would be 
about 10% of that 
for no action or 
about 1 cubic meter 
per second. 



State Class B water 


classif icat ion 




dissolved solids 


concentrations in 


discharge would be 


higher than no 


action or once- 


throuoh cool ina 


tower because of 


cycles of concen- 


tration; however , 


total suspended 


sol ids discharged 


would be greatly 


reduced. 



AD-l 
BC-12 



BB-1 
BB-2 
BB-3 
BC-IO 
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Table 2-11 



Impacts 



Comparison of Cooling Water Alternatives for C-Peactor 
(page 2 of 5) 



No action* 



Once-through 
cooling tower 

(preferred 
alternative 1 ') 



Rocirculat ing 
towers 



TEMPERATURE 
AND FLOW 
EFFECTS 



BB-3 



Water temper- 
ature in Four 
Mile Creek would 
exceed State 
Class B water 
classification 
standards. There 
would continue to 
be few aquatic 
organisms in 
thermal areas of 
Four Mile Creek 
and its delta. 
Thermal barrier 
would prevent 
aquatic movement 
in Four Mile and 
Castor Creeks. 

creek and delta 

would remain 

reduced. There 

would continue to 

be potential for 

cold shock durina 
-^ - ■"■ - --- — - -& 

winter . 



State Class B 
water classi- 
fication standards 
for temperature 
(32.2°C) would be 
met; Section 
316(a) Demon- 
stration study 
would be performed 
for exceedances of 
2.8°C rise in 
ambient stream 
temperatures . 
Aquatic organisms 
would become 
established in 
present thermal 
areas. Thermal 



hirri jar- 



i*mi i 7 A foa 



removed. Creek 
and delta would be 
opened to fish 
spawning and 
foraging. There 
would be no poten- 
tial for cold 
shock because MWAT 
(EPA, 1977} cri- 
teria would be 
met. Water levels 
would continue to 
fluctuate* 



State Class B water 
classification 
Standards for 
temperature (32.2°C) 
would be met ; 
Section 316(a) study 
would also be 
performed. 
Mitigation of 
thermal effects 
Similar to 
once-through tower 
would occur, except 
habitat area for 
aquatic spawning and 
foraging would be 
smaller because of 
reduced flow, and 

mann if nHtf nf ti/.*f*sr- 

level fluctuations 
would be less. 



ENTRAPMENT/ 
IMPINGEMENT 



BD-5 



Water withdrawal 
would continue to 
cause entrainment 
losses of about 
13.4 x l(T fish 
eggs and larvae 
and the loss of 
about 2942 fish 
to impingement 
annually. 



Effects would be 
about the same as 
for no action. 



Annual entrainment 
and impingement 
losses would be 
reduced to about 
2.0 x 10" fish eggs 
and larvae and 427 
f ish r respectively. 



HABITAT 



BC-19 

BD-3 



Flow and tem- 
perature impacts 
would continue to 
result in the 
loss of about 2B 



Ml*. ■ t J W I 



v*\, t. I U< I U J 



each year. 



Wetland losses 
would decrease; 
some successional 
revegetation would 
occur. About 35 



u^ i to vi 



inlan Ac 



would be affected 
by construction. 



Wetland lasses would 
essential ly cease 
and about 1000 acres 
of wetlands would 
successively 



l_.1l_^|l_.V1^V<— 



nhrint £rt 



acres of uplands 
would be affected by 
construct Ton, 



SOLIDS DEPOSITION None. 



TC 



Maximum annual 
total-so! ids 
deposition within 
about 2 km of the 
tower would be 



Maximum annual 
total -sol ids 
deposition within 
about 2 km of the( 
tower would be about 



2-52 



Table 2-11 



Impacts 



ENDANGERED 
SPECIES 



AIR QUALITY 



Comparison of Cooling Water Alternatives for C-Reactor 
(page 3 of S) 



No action 



Once-through 
cooling tower 
(preferred 

alternative") 



Recirculating 
t owe r s 



Thermally affected 
areas of Four 
Mile Creek and 
swamp would 
continue to be 
too hot for all i- 
gators . Low fish 
densities and 
high water levels 
limit forage 
value for wood 
stork. No 
impacts on short- 
nose sturgeon and 
red-cockaded 
woodpecker. 



No impacts. 



about 0.5 kilogram 
per acre per 
year. Deposition 
rates are far 
below levels that 
cause reduced 
vegetation 
productivity. 

Al 1 igator habitat 
would be improved 
by lower water 
temperatures. 
Some improvement 
of wood stork 
foraging habitat 
would result from 
increased fish 
concentrations 
although continued 
high flows would 
maintain deep 
water conditions. 
No impacts on 
shortnose 

c t 1 1 1 »-« a An 

red-cockaded 

woodpecker, and 
bald eagle. 



Construction would 
result in tem- 
porary small 
increases in 
carbon monoxide 
and hydrocarbons 
from engine 
exhaust. Also 
some transient 
increases in 
airborne dust. 



2.2 kilograms per 
acre per year. 
Deposition rates are 
far beTow Tevels 
that cause reduced 
vegetation 
productivity. 



Some all igator 
habitat would be 
ava i 1 abl e ; however , 
lower flows would 
decrease potential 
habitat area 
resulting in less 
improvement than 
with once-through 
tower. Potential 
for improvement of 
wood stork habitat 
would be increased 
due to lower water 
levels in the creek 
and delta. No 

-; m ~ -..,-. i- .-■ ^^ ^u^v-*.-^ .. 

nupcivt-j wit 3i*vr tutjit: 



sturgeon, 

red-cockaded 
woodpecker, and 
eagle. 



TC 



bald 



Construction impacts 
would be similar to 
those for once- 
through tower. 



TC 



Maximum annual - 
mean frequency of 
reduced ground- 
level visibility 
to less than 
1000 m would be 
about 2 hours per 
year. 



Reduction in ground 
level visibil ity 
would be about 
2 hours per year. 



Maximum ice accu- 
mulation on hori- 
zontal surfaces 
would be no more 
than 1 mm. 



Maximum ice accu- 
mulation on hori- 
zontal surfaces 
would be no more 
than 1 mm beyond 
0.8 km of the 
tower. Maximum 



TC 
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Table 2-11 



Impacts 



TC 



Comparison of Cooling Water Alternatives for C-Reactor 
(page 4 of 5) 



No action 



Once-through 
cooling tower 

( preferred 
al ternat ive b ) 



Recircul at ing 
towers 



predicted thickness 
would be 7 mm, 
occurring within 
0,4 km of the tower 
with a total 
frequency of 
88 hours per winter 
season. 



TC 



Maximum occurrence 
of visible plumes 
would be about ISO 
hours per year 
within 0.4 km of 
the tower and 30 
hours per year at 
2 km. 



Visible plume 
occurrence would be 
100 hours per year 
within 2 km of the 
towers. 



Mq imngrt 5 . 



Construction would 
cause some tem- 
porary increases 
in noise in the 
project area. 

Operation noise 
beyond about 152 m 
from the tower 
would be 
negl igi ble . 



Same as for ence 
through tower . 



Operation noise 
beyond about 152 m 
from the tower would 
average less than 70 
decibels. Sound 
would consist of fan 
noise and fall ing 






ARCHAEOLOGICAL 
AND HISTORIC 
SITES 



No impacts. 



RADIOCESIUM 
TRANSPORT 



BC-22 



RADIOLOGICAL 
RELEASES AND 



nncrc 

UUJLJ 



One small nonsig- 
nificant prehis- 
toric lithic and 
ceramic scatter 
near Four Mile 
Creek would be 
disturbed. 



About 21 .9 Ci of 
radiocesium were 
released from the 
C-Reactor area 
through 1980- 
Creek sediments 
at SRP Road A-7 
exhibit average 
cesium-137 con- 
centrations of 
37.5 picocuries 
per gram. 

Cumulative max- 
imum individual 

nf f nrf lUrt l.ihnl Q. 

t. i i u\_ i* ■ ■ t nnv ' l 

body dose would however, pathway 
continue at about would be 



The operation of 
this alternative 
would not result 
in any significant 
changes in remo- 
bil izat ion of 
radionucl ides 
since flow in Four 
Mile Creek would 
remain essentially 
unchanged . 



Amount of radio- 
activity released 



l.jj-111 1 rl nnl 



rhannp 



Same site would be 
disturbed as with 
once- through tower 



The operation of 
this alternative 
would reduce flows 
in Four Mile Creek 
resulting in a 
calculated decrease 
in cerium released 
to the Savannah 
River of about 
0.21 Ci per year. 



Annually, about 425 
additional Ci of 
tritium would be 
released to 
atmospheric pathway 
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Table 2-11. 



Impacts' 



Comparison of Cooling Water Alternatives for C-Reactor 
(page 5 of 5) 



No action 3 



3.3 mill irem per 
year. Collective 
effective whole- 
body dose to the 
regional popu- 
lation and down- 
stream water 
consumers would 
be about 81 
person-rem per 
year. Population 
doses are about 
0.074 percent of 
natural back- 
ground. 



Once-through 
cooling tower 

( preferred 
al ternat ive & ) 



affected. Annu- 
ally, about 50 
additional Ci of 
tritium would be 
released to 
atmospheric path- 
way and about SO 
Ci less of tritium 
would be released 
to liquid path- 
way. This would 
reduce maximum 
individual 
effective whole- 
body dose by l . 1 x 
JO -4 mill irero per 
year and 
collective 
effective whole- 
body dose to 
regional popu- 
lation; down- 
stream water 
consumers would 
decrease by 0,028 
person-rem per 
year. 



Recirculating 
towers 



and 425 less Ci of 
tritium would be 
released to 1 iquid 
pathway. Change in 
cesium-137 and 
tritium releases 
would reduce maximum 
individual effective 
whole-body dose by 
about 0.12 mill irem 
per year; collective 
effective whole- 
body dose to 
regional popul at ion 
and downstream water 
consumers would 
decrease by about 
0.66 person-rem per 
year. 



is defined as the continuation of existing operations of 



a. No action 
C-Reactor. 

b. The preferred alternative is to construct and operate once-through cooling 
towers (gravity feed and natural draft). Characterization of environmental 
effects is based on a natural-draft cooling tower. 



Rf!-9? 
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improved because of lower water temperatures and intermittent higher flows. 
The direct-discharge alternative would remove the D-Area powerhouse thermal 
discharge from Beaver Dam Creek and would reduce the creek flow to near- 
ambient levels* This alternative would result in a significant reduction in 
the available aquatic habitat in the creek, and would adversely affect alliga- 
tors that now use these areas. Heated effluent discharged directly into the 
Savannah River would not adversely affect the River's aquatic habitat because 
a zone of passage would be maintained. 

The increased- f low al ternative would affect an estimated 4 acres of wetlands 
and 4 acres of uplands due to intermittent flooding when the system is operat- 
ing* Construction of the pipeline for the direct-discharge alternative would 
adversely affect about 1 acre of wetlands and 5 acres of uplands* 

Entrainment and impingement impacts would remain at present levels for the 
direct-discharge alternative. However, increased flow with mixing would 
BD-5 result in annual entrainment losses of about 6.0 x 10 4 fish eggs and larval 
and impingement losses of about 113 fish. 

Habitat for the American alligator and the wood stork would not be affected 
appreciably by the increased-f low alternative; however, during its operation, 
the intermittent increases in water level could decrease the area of foraging 
habitat for the wood stork. Implementation of the direct-discharge system 
would degrade much of the existing alligator and wood stork habitat in Beaver 
Dam Creek due to the significant decrease in flow and elimination of slightly 
warmer winter temperatures . 

No radiological impacts will occur from the implementation of either alterna- 
tive for the D-Area powerhouse. 

Table 2-12 provides a summary comparison of the alternatives for D-Area* 
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Table 2-12. 



Comparison of Cooling Water Alternatives for D-Area 
(page i of 3) 



Impacts 



SCHEDULE FOR 
IMPLEMENTATION 



No action 



Current 



Increased flow 
with mixing 
{preferred 

alternative) 



Current 



Direct 

discharge to 
Savannah River 



Construction of this 
alternative would 
require about 22 

months . 



Ei n n TuTLinnv 

PRESENT-WORTH 
(MILLION $) 

ESTIMATED OPER- 
ATING COST 
INCREASE (MIL- 
LION $ PER 
YEAR) 






$0 



>u 



$0.03 



$14 



$0.05 



SOCIOECONOMICS 



WATER WITHDRAWAL 

AND DISCHARGE 
RATES 



TEMPERATURE 
AND FLOW 
EFFECTS 



No additional 

workforce 

required. 

About 2,6 cubic 
meters per second 
would continue to 
be withdrawn from 
the Savannah 
River and 
discharged to 
Beaver Dam Creek. 



No additional Peak construction 
workforce required, workforce of 40 

persons. 



Water temper- 
atures in Beaver 
Dam Creek would 
continue to 
exceed the 32.2°C 
State Class B 
water classi- 
fication standard 
during periods 
from May through 
September; water 
temperatures 
would also exceed 
the maximum 
ambient stream 
temperature rise 
standard of 
2.8°C. Concen- 
trations of 
suspended solids 
would remain 

si idhtl v hinhpr 

- ■ 3 - ■ - • j -■ ■ ;j---^' 

than in ambient 
streams . 



Withdrawal and 
discharge rates 
would be the same 
as for no action 
except when 
withdrawal and 
discharge rates 
each could be as 
high as 4,5 cubic 
meters per second 
to meet the 32.2°C 

water classi- 
fication standard. 

Water temperatures 

in the stream 
would meet the 
32.2°C State Class 
B water classi- 
fication standard; 
a Section 316(a) 
Demonstration 
study will be 
performed for 
exceedances of 
2.8°C rise in 
ambient stream 
temperature. 
Slight increases 
in suspended 
sol ids concen- 
trations would 
occur during 
periods of 
increased flow, 

iniiAt ir fauna 

would become 
established in 



Withdrawal and 

discharge rates 
would be the same as 
for no action; 
however, thermal 
discharge would be 
directly to the 
Savannah River. All 
powerhouse thermal 
discharges would be 
removed from Beaver 



Dam Creek 



In Beaver Dam Creek, 
water temperatures 
would be at ambient 
levels year-round. 
In the Savannah 
River, water temper- 
atures beyond a 
mixing zone at the 
discharge point 
would meet the State 
Class fi water 
quality classi- 
fication standard of 
32, 2°C. Low water 
levels in Beaver Dam 
Creek would greatly 
reduce existing 
aquatic habitat; 
however, the absence 
of thermal stress 
would allow full use 

n€ frhic hahi t at hv 

aquatic organisms . 
There would be no 
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Table 2-12, 



Impacts 



ENTRAPMENT/ 
IMPINGEMENT 



BD-5 



HABITAT 



AIR QUALITY 

ENDANGERED 
SPECIES 



Comparison of Cooling Water Alternatives for O-Area 
(page 2 of 3) 



No action 



Increased flow 
with mixing 
( preferred 
alternative) 



Direct 

discharge to 

Savannah River 



There would con- 
tinue to be 
reduced numbers 
of aquatic 
organisms and 
spawning in the 
thermally 
affected areas of 
Beaver Dam Creek 
during the warmer 
months . A ther- 
mal barrier would 
continue to 
restrict movement 
of fish in the 
creek. 



Water withdrawal Increased water 



present thermally 
affected areas of 
Beaver Dam Creek . 
Habitat area would 
increase during 
periods of 
increased flow. 
There would be no 
thermal barrier in 
the creek. 



thermal barrier in 
the creek. Fish 
spawning would be 
1 imited because of 
reduced habitat. An 
adequate zone of 
passage woul d be 
present in the river 



wou id continue "" o 
cause entrainment 
losses of about 
2.0 x 10 b fish 
egg5 and larvae 
and the loss of 
about 1718 fish 
due to impinge- 
ment annually. 



No impacts. 



No impacts. 

Existing thermal 
areas of Beaver 
Dam Creek would 
continue to 
support a large 
alligator popu- 
lation. The 
adjacent swamp 
area would con- 
tinue to be used 
by wood storks 
for foraging. No 
impacts on other 
endangered 
species. 



I.MUI qtrtfj i w * i 



that for no action 
would increase 
entrainment losses 
by about 2.4 x 10* 
fish eggs and 
larvae and the 
loss of an 
additional 1 13 
fish due to 
impingement 
annually. 

Operation would 
result in an 
estimated loss of 
about 4 acres of 
wetlands and about 



Effects would be 
ahnjjf the same as 
for no action. 



Construction would 
result in an 
estimated loss of 
about 1 acre of 
wetlands and 5 acres 



4 acres of uplands, of uplands. 



No impacts. 

No changes in 
existing all igator 
habitat. Some 
decrease in wood 
stork foraging 
habitat during 
increased flow 
periods. No 
impacts on other 
endangered species 



No impacts. 

Loss of most of 
all igator habi tat 
due to decreased 
temperatures and 
lowered water levels 
in Beaver Dam 
Creek. Loss of much 
of wood stork 
foraging habitat due 
to lowered water 
levels in Beaver Dam 
Creek, wo impacts 
on other endangered 
species . 
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Table 2-12. 



Comparison of Cooling Water Alternatives for O-Area 
(page 3 of 3) 



Impacts 



No action 3 



ARCHAEOLOGICAL 
AMD HISTORICAL 
SITES 



Wo impacts 



RELEASES 



no impacts 



Increased flow 
with mixing 
(preferred 
alternative) 



One site will be 
recommended for 
el igibil ity for 
nomination to the 
National Regist er 

iiJ — n laiui it: 

Places . A "no 
effect" 

determination was 
obtained from the 
South Carolina 
SHPO with 
concurrence from 
the Advisory 
Council on 
Historic 
Preservation, 

No impacts. 



Direct 

discharge to 

Savannah River 



Survey of pipe! ine 
area revealed no 
historic sites. 



AT-1 
AT- 2 
AZ-I 



No impacts. 



a. No action is defined as the 
D-Area coal-fired powerhouse. 



continuation of existing operations of the 
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CHAPTER 3 
AFFECTED ENVIRONMENT 

This chapter describes the environment of the Savannah River PLant (SRP) and 
the nearby region that would be affected by the cooling water alternatives 
associated with K- and C-Reactors and the D-Area powerhouse; it also describes 
the three affected onsite streams, 

3.1 SAVANNAH RIVER PLANT SITE AND REGION 
3.1*1 GEOGRAPHY 

The Savannah River Plant is located in southwestern South Carolina. The SRP 
occupies an almost circular area of about 780 square kilometers (192*741 
acres), bounded on its southwestern side by the Savannah River, which is also 
the border between the States of South Carolina and Georgia- Portions of 
Barnwell, Aiken, and Allendale Counties, South Carolina, lie inside the SRP 
boundary. The major population centers closest to the SRP site are Augusta in 
Georgia, and Aiken, North Augusta, and Barnwell in South Carolina. Figure 3-1 
shows the location of the SRP site in relation to surrounding population cen- 
ters within a 240-kilometer radius. 

The SRP facilities inrlllHp f i v^ nnrlpar nrnHnr'H r\n ra*ir* 1- rw ^ ( t- W*-^^ *,*+-*- nn t-l„ 

operating and two in standby condition), two chemical separations areas, a 
fuel and target fabrication facility, and various supporting facilities 
(Figure 3-2). 

The locations of the various Plant areas with reference to the five major 
stream systems that drain che site are shown in Figure 3-2. Most of the Plant 
areas drain toward the Savannah River, which ranges from 27 to 104 meters 
above sea level. C-Reactor is located near the middle of the SRP site. 
K-Reactor is about 5 kilometers southeast of C-Reactor. L- and P-Reactors are 
about 5 and 10 kilometers east of K-Reactor, respectively, R-Reactor is about 
12 kilometers northeast of K-Reactor* The D-Area powerhouse is about 10 kilo- 
meters southwest of C-Reactor. 

Almost all the SRP site is drained by tributaries of the Savannah River, Each 
tributary is fed by several small streams* One small stream in the north- 
eastern sector of the site drains to the Salkehatchie River rather than the 
Savannah River. 

Thd emit - hl.FO C t" cm Ti n *- A a *~ r^f f-J-.^ D 1 -^-^ 4- i— 4- U ^ C ^ U n* .. r* r~, 

-L^*^. cj.ju.-h"^*j.-»^4.h L-^tu^j- vi. luc ndiiL _l& lwc oci v cuiii£tu reiver swamp sys cem 
(SRSS). About 10,000 acres of the Savannah River swamp forest lie on the 
Plant from Upper Three Runs Creek to Steel Creek. The SRP swamp area borders TE 
the Savannah River tor approximately 16 kilometers and averages about 2.4 
kilometers in width (Figure 3-2). 

A small embankment or natural levee has been built up along the north side of 
the river by sediments deposited during periods of flooding. Three breaches 
in the levee allow water from Steel Creek, Four Mile Creek, and Beaver Dam 
Creek to flow, to the river. The combined discharges of Steel Creek and Pen 
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Figure 3-1. SRP Location in Relation to Surrounding Population Centers 
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Figure 3-2. Savannah River Plant Site Map 
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Branch enter the river near the southeastern corner of the Plant. On the 
landward side of the levee, the ground elevation decreases to form the swamp 
system, which contains stands of cypress- tupelo forest, bottomland hardwoods, 
and some open marsh areas. 

During periods of high river level, river water overflows the levee and stream 
mouths and floods the entire swamp area, leaving only isolated islands. The 
overflows occur when river elevations exceed 27 meters above mean sea level 
(MSL) as measured at the SRP boat dock. During flooding, the water from these 
streams flows through the swamp parallel to the river and enters the river 
southeast of the mouth of Steel Creek at Little Hell Landing after crossing an 
of f site swamp. 

3.1*2 SOCIOECONOMIC AND COMMUNITY CHARACTERISTICS 

A comprehensive description of socioeconomic and community characteristics for 
the area around the Savannah River Plant was presented in the report Socio- 
economic Baseline Characterization for the Savannah River Plant Area, 1981 
(ORNL, 1981)* Information contained in the 1981 report was subsequently 
updated in the report Socioeconomic Data Base Report for Savannah River Plant 
(DOE, 1984a); additional information on the topics presented in this section 
can be found In the updated report. 

3.1.2,1 Study Area 

The permanent operating and construction force at the Savannah River Plant has 
averaged 7500, ranging from a low of 6000 in the 1960s to the current 14,957 
(June, 1987)* In 1980, approximately 97 percent of SRP employees resided in a 
13-county area surrounding the Savannah River Plant (Table 3-1) * Of these 13 
counties, 9 are in South Carolina and 4 are in , Georgia* The greatest per- 
centage of employees now reside in the six-county area of Aiken, Allendale, 
Bamberg, and Barnwell Counties in South Carolina, and Columbia and Richmond 
Counties in Georgia (Figure 3-3) . Together, these six counties house approxi- 
mately 89 percent of the total SRP workforce. These six counties were chosen 
as the study area for the assessment of potential socioeconomic and community 
effects of the proposed cooling water alternatives because the percentage of 
employees residing in these counties has remained essentially the same since 
the early 1960s* 

3*1.2.2 Demography 

Table 3-2 lists the 1980 populations in the study area for counties and places 
of more than 1000 persons. The largest cities in the study area are Augusta 
in Georgia , and Aiken , North Augus ta , and Barnwell in South Carolina - Of the 
31 Incorporated communities in the study area, 16 have populations under 1000 
persons, and II have populations between 1000 and 5000 persons . Aiken, 
Columbia, and Richmond Counties , which comprise the Augusta Standard Metro- 
politan Statistical Area (SMSA), had a total population of about 327,400 in 
1980; however, most of this population resides outside cities or towns. About 
two-thirds of the total six-county population resides in rural or unincorpor- 
ated areas. 

Over the last three decades , the rate of population growth has varied from 
county to county. From 1950 to 1980, the counties comprising the Augusta SMSA 



Table 3-1. Distribution of June 1980 SRP 

Employees by Place of Residence 



Percent of SRP 
Location of residence labor force 



South Carolina 80.0 

Aiken County 58.8 

Allendale County 1,8 

Bamberg County 2.0 

Barnwell County 8.8 

Edgefield County 1.1 

Hampton County 1,2 

Lexington County 1.6 

Orangeburg County 1*7 

Saluda County 1.0 

Other counties 2.0 



Georgia 20.0 

Columbia County 3.1 

Richmond County 14*8 

Burke County 0.3 

Screven County 0.8 

Other counties 0.9 

Other states 0.1 

Total 100.0 



Source: DOE, 1984b. 

experienced a positive growth rate; the combined average annual rate was about 
3 percent. The most significant population increases occurred in Columbia 
County, which experienced an average growth rate between 1960 and 1980 of 
about 10 percent per year. The rural counties - Allendale, Bamberg, and Barn- 
well - experienced population declines between 1950 and 1970; reversals of 
this decline occurred between 1970 and 1980 when population increases for 
these counties ranged from 9 to 16 percent. The population growth rate 
experienced in the study area during the last two decades was about equal to 
that experienced in the southern United States and slightly less than the 
growth rate experienced in the South Atlantic Region (Bureau of the Census, 
1983). 

In 1980 the estimated population in the 80-kilometer area around the Savannah 
River Plant was approximately 563,300 persons. The year 2000 population in 
this area is estimated at 852,000 persons. This estimate was calculated using 
the 1970-to-1980 growth rate of each county in the 80-kilometer area, assuming 
these growth rates would continue in the future. For counties that experi- 
enced a negative population growth rate between 1970 and 1980, the calcula- 
tion assumed that no continued population decline would occur. 
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Figure 3*3. Counties in SRP Area 
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Table 3-2, 1980 Population for Counties and Places 

of 1000 Persons or Greater* 1 



1980 
Location population 

Aiken County, South Carolina 105,625 

City of Aiken 14,978 

Town of Jackson 1 , 771 

City of North Augusta 13,593 

City of New Ellenton 2,628 

Allendale County, South Carolina 10,700 

Town of Allendale 4,400 

Town of Fairfax 2,154 

Bamberg County, South Carolina 18,118 

Town of Bamberg 3,672 

City of Denmark 4,434 

Barnwell County, South Carolina 19,868 

City of Barnwell 5,572 

Town of Blackville 2,840 

Town of Williston 3,173 

Columbia County, Georgia 40,118 

City of Grovetown 3,384 

City of Harlem 1,485 

Richmond County, Georgia 181,629 

City of Augusta 47,532 

Town of Hephzibah 1,452 

Study area total 376,058 

a* Adapted from the Bureau of the Census (1982a, b). 

3*1.2*3 Land Use 

In the six-county study area, less than 8 percent of the existing land use is 
devoted to urban and developed uses. Most land uses of these types are in and 
around the Cities of Augusta and Aiken . Agriculture accounts for about 21 
percent of total land use; forests, wetlands, water bodies , and unclassified 
lands that are predominantly rural account for about 70 percent of total land 
use. 

All the counties in the study area have a land-use plan, and Columbia and 
Richmond Counties have zoning ordinances. The projected future land uses of 
the study area are very similar to the existing land-use patterns . Developed 
urban land is projected to increase by 2 percent in the next 20 years . The 
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largest percentage of this growth is expected to occur in Aiken and Columbia 
Counties, as a result of the expansion of the Augusta metropolitan area* 

Agricultural land throughout the study area is undergoing a transition from 
smaller operations to larger consolidated farms * This is especially true in 
the rural areas of Allendale, Bamberg, and Barnwell Counties. 

3.1 4 2.4 Public Services and Facilities 

There are nine public school systems in the study area* County-wide school 
districts are located in each county except Bamberg , which has two districts , 
and Barnwell , which has three. An estimated total of 3642 new students could 
have been accommodated in the study area school districts in 1982* 

Of the 120 public water systems in the study area, 30 county and municipal 
systems serve about 75 percent of the population. All but four of the munic- 
ipal and county water systems - the Cities of Aiken y Augusta, and North 
Augusta, and Columbia County - obtain their water from deep wells. Aiken 
obtains some of its water from Shaws Creek and Shiloh Springs, while Columbia 
County and the Cities of Augusta and North Augusta obtain water from the 
Savannah River* For those municipal and county water "systems that use ground- 
water as their supply, restrictions in system capabilities are due primarily 
to storage and treatment capacity rather than availability of groundwater. 

Most municipal and county wastewater- treatment systems have the capacity to 
treat additional sewage* Selected rural municipalities in Allendale , Bamberg, 
and Columbia Counties and the City of Augusta in Richmond County have exper- 
ienced problems in treatment -plant capacities . Programs to upgrade facilities 
are under way or planned in most of these areas* 

3.1*2.5 Housing 

Since 1970, the largest increases in the number of housing units have occurred 
in Columbia, Richmond, and Aiken Counties . Columbia County has grown the 
fastest, more than doubling its number of housing units. Between 1970 and 
1980, Aiken and Richmond Counties each experienced about a 36-percent increase 
in the number of housing units. In Aiken County, one- fourth of this : ncrease 
resulted from the high growth rate in the number of mobile homes. 

The vacancy rate for owner-occupied housing units for the six-county area in 
1980 was 1, 3 percent * Individual county rates ranged from 3. 6 percent in 
Columbia County to 0*8 percent in Barnwell County » Vacancy rates for rental 
units in 1980 ranged from 14 .8 percent in Columbia County to 7.1 percent in 
Bamberg County; the average for the study area was 10.5 percent* 

3*1,2.6 Economy 

The results of the 1980 Census of Population indicate that between 1970 and 
1980 there was a 35-percent increase in total employment, from 75 , 732 to 
102,326 employees, in establishments with payrolls in the six-county area. 
Service sector employment increased at these establishments by 65 percent, 
mirroring a national trend toward a service-based economy. Employment in 
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manufacturing increased by 11 percent, adding more than 9000 employees. Most 
of the overalL expansion in the number of employment positions occurred in 
Richmond and Aiken Counties. 

About 31 percent of the workforce in the six-county area in 1980 was employed 
in the service sector, and 27 percent in the manufacturing sector- Retail 
trade was the third largest category, accounting for 15 percent of the work- 
force. The remaining 27 percent of the workforce was dispersed among the 
seven additional categories of employment reported by the Census. in 1980, 
fewer than 2 percent of workers in the study area were employed in the cate- 
gory of agriculture, forestry, and fishing, while nearly 4 percent were 
employed in that category in 1970* 

3.1.3 HISTORIC AND ARCHAEOLOGICAL RESOURCES 

In 1985, 69 sites in the study area were listed in the National Register of 
Historic Places (see Appendix E). Richmond County had the largest number of 
sites (27) , most of which are in the City of Augusta, Approximately 25 more 
National Register sites are in Aiken and Allendale Counties. 
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In past years, the South Carolina Institute of Archaeology and Anthropology 
has conducted various archaeological surveys on the Savannah River Plant 
through the Savannah River Plant Archaeological Resource Program- An inten- 
sive archaeological and historic survey was conducted in 19S4 in the Pen 
Branch and Four Mile Creek watersheds (Figure 3-4), As discussed in Appen- 
dix E, 65 sites were located, about two-thirds of which were not considered 
significant due to the lack of site integrity and limited research potential. 
Consultations with the State Historic Preservation Officer have determined 
that none of the potentially significant sites possess the necessary charac- 
teristics for nomination for inclusion in the National Register of Historic 
Peaces (see Appendix E) . Intensive archaeological and historic resources 
surveys of the Beaver Dam Creek f loodplain area and the area west of the creek 
in D-Area were conducted during October and November of 1985. Only one site, 
38BR450, was located in the survey areas. As discussed in Appendix E, site AT-1 
38BR450 is considered a significant archaeological resource and has been AT-2 
recommended for eligibility for nomination to the National Register of AZ-1 
Historic _F laces . 

3.1.4 GEOLOGY 

3.1,4.1 Geologic Setting 

The Savannah River Plant is located in the Aiken Plateau physiographic divi- 
sion of the Upper Atlantic Coastal Plain of South Carolina (Cooke, 1936). 
Figure 3-5 shows a generalized northwest- to-southeast geologic profile across 
the Savannah River Plant. The Aiken Plateau at the Plant Is characterized by 
inter fluvial areas with narrow, steep-sided valleys. Because of the Plant *s 
proximity to the Piedmont region, it has somewhat more relief than the near 
coastal areas; onsite elevations range from 27 to 104 meters above mean sea 
level . 

The center of the Plant is about 40 kilometers southeast of the Fall Line 
(Davis, 1902) that separates the Atlantic Coastal Plain physiographic province 
from the Piedmont physiographic province (Figure 3-5). Crystalline rocks of 
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Precambrian and Paleozoic age underlie a major portion of the gently seaward- 
dipping coastal plain sediments of Cretaceous and younger age. Sediment- 
fiiiaH hac-in.Q nf Trias sic and Jurassic aee (exact ae:e is uncertain) occur 
within the crystalline basement throughout the coastal plain of Georgia and 
the Carolinas (DOE, 1984b ) . One of these, the Dunbarton Triassic Basin, 
underlies parts of the Plant (Marine and Siple, 1974). 
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3.1.4.2 Stratigrapny ^ 
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Coastal Plain sediments in South Carolina range in age from Cretaceous to 
Quaternary; they form a seaward-dipping and thickening wedge of mostly uncon- 
solidated sediments. Near the center of the Plant at H-Area, these sediments 
are approximately 280 meters thick (Siple, 1967). The base of the sedimentary 
wedge rests on a Precambrian and Paleozoic crystalline basement , which is 
similar to the metamorphic and igneous rocks of the Piedmont t and on the silt- 
stone and claystone conglomerates of the down-faulted Dunbarton Triassic Basin 

f T?l 1 C\ T ___-«.-». J -T-.4-.-_1-.' ^-s>rr^-_-1.r-.rtrt- _-!-._-_ .-.-_ i^flfflon t- -n ** __. +-_-*__. M -i A A on A f*\ t* £ R 1 _i i" 1 lr 

\, r J- KLLJ. ti J~._*/. J_llULLC:UXt_tL.C--J r UVCL J-jJ.ug i_iit; Lit__0\_.iin_. ii i_ dJ-t. Lilt uj-yu^uuui-i. w+^v.» 

Creek (Tuscaloosa) Formations (175 meters thick), which are of Upper 
Cretaceous age and are composed of waterbearing sands and gravels separated by 
prominent clay units* Overlying the Middendorf /Black Creek is the Ellen ton 
Formation, which is about 18 meters thick and consists of sands and clays 
interbedded with coarse sands and gravel (Siple, 1967) . Four of the forma- 
tions shown in Figure 3-5 - the Congaree , McBean, Barnwell , and Hawthorn - 
comprise the Tertiary (Eocene and Miocene) sedimentary section, which is about 
85 meters thick and consists predominantly of clays, sands , clayey sands , and 
sand v marls. The near— surface sands of the Barnwell and Hawthorn Formations 
are generally loosely consolidated ; they of ten contain thin, sediment— filled 
fissures (clastic dikes) (DOE, 1984b). 



Quaternary alluvium is found at the surface in floodplain areas and as terrace 
deposits . Soils at the Plant are generally uniform and rather shallow, about 
1 meter deep. They are characterized by bleached Barnwell-Hawthorn sediments, 
which result in a light-tan sandy loam, 

3.1.4.3 Geologic Structures 



The down-faulted Dunbarton Triassic Basin underlies the southeastern portion 
of the Savannah River Plant and contains several interbasinal faults . How- 
ever, the sediments overlying these faults show no evidence of basin-induced 
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A The accepted names for stratigraphic units are continually evolving as 
additional information on the age of the units and their correlation with 
similar units in other areas has surfaced. This is reflected in the different 
names used by authors to identify subsurface units. The stratigraphic 
nomenclature used in this document is the same as the usage of the various 
^ authors whose works have been referenced. Therefore different nnrtions of 
the text might use different names for the same geologic units . Similarly, 
the same name might be used for geologic units or portions of units that are 
otherwise different. Figure 3-6 shows the correlation of the units used by 
the various authors. The terminology used in this document is largely that of 
Siple (1967). 
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Figure 3-6. Tenative Correlation of Stratigraphic Terminology of Southwestern South Carolina Coastal Plain 
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Marine and Siple, 1974) , Other Trias sic-Jurassic basins have been identified 
in the Coastal Plain tectonic province of South Carolina and Georgia; these 
features can be associated with the South Georgia Rift (Marine and Siple, 
1974; Popenoe and Zietz, 1977; Daniels , Popenoe, and Zietz, 1983) . The 
Piedmont, Blue Ridge, and Valley and Ridge tectonic provinces , which are 
associated with Appalachian Mountain building, are northwest of the Fall Line 
(Figure 3-5) . Several fault systems occur in and adjacent to the Piedmont and 
the Valley and Ridge tectonic provinces of the Appalachian system; the closest 
of these is the Belair Fault Zone, about 40 kilometers from the Plant, which 
is not capable of generating major earthquakes (Case, 1977). 

Surface mapping, subsurface boring, and geophysical investigations at the 
Plant have not detected any faulting of the sedimentary strata or any other 
geologic hazards that would affect SRP facilities (DOE, 1984b). 

3.1*4.4 Seismicity 

Two major earthquakes have occurred within 300 kilometers of the Savannah 
River Plant: the Charleston earthquake of 1886, which had an epicentral modi- 
fied Mercalli intensity (MMI) of X, and was located about 145 kilometers away; 
and the Union County, South Carolina* earthquake of 1913, which had an epi- 
central shaking of MMI VII to VIII, and was located approximately 160 kilo- 
meters away (Langley and Marter, 1973). An estimated peak horizontal shaking 
of 8 percent of gravity (0*08g) was calculated for the site during the 1886 
earthquake (Du Pont, 1982a) . Site intensities and accelerations for other 
significant earthquakes have been published by DOE (1982, p. G-7) . No res- 
ervoir induced seismicity is associated with Par Pond (see Figure 3-2). 

On June 8, 1985 , a minor earthquake of local magnitude 2.6 (maximum inten- 
sity: MM III), and focal depth of 0*96 kilometer occurred at the Plant near 
Aiken, South Carolina. The epicenter was just to the west of K~ and C-Areas. 
The acceleration produced by the earthquake was estimated to be less than 
0.002g (Stephenson, Talwani, and Rawlins, 1985), 

3,1.4,5 Streambed Sediments 

Most of the cesium-137 that has been discharged to SRP creeks by Plant opera- 
tions and by fallout from offsite weapons testing is associated with the silts 
and clays found in the streambed and with suspended solids* The principal 
mechanisms for this association are ( 1 ) cation exchange with kaolinite and 
gibbsite clay minerals ; (2) sorption on minerals ; and (3) chelation with 
naturally occurring organic material* Figure 3-7 shows the variation in ion- 
exchange capacity, clay content, and content of organic materials along the 
course of Four Mile Creek and Pen Branch. A distribution coefficient of K d 
= 3960, measured for sediments from Four Mile Creek (Kiser, 1979), and the 
work by Prout (1958) demonstrate the affinity of cesium-137 for the sediments 
and suspended solids in the system. 

The mineral composition of each particle-size fraction of the stream sediment 
was observed to be quite uniform* Quartz was found to account for 8,0 percent 
of the sand and 90 percent of the silt-size fraction; kaolinite dominated the 
clay-size fraction (Hawkins, 1971)* Minor gibbsite was found in approximately 
half of the sediment and soil samples, regardless of location. 
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Figure 3-7. Characteristics of Streambed Sediments, Four Mile Creek and Pen Branch 
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The cation-exchange capacity (CEC) of sediment generally increases as particle 
size decreases, because of an increase in organic matter, " clay-mineral con- 
tent , and surface area in the finer fractions. Upstream samples contain less 
clay and organic matter and have lower CEC values than those from near the 
Savannah River swamp* Overall, the CEC of all samples was very low because of 
the paucity of organic matter (1.26 percent sediments, 1,52 percent soils) and 
the predominance of kaolinite. Kao Unite has the lowest CEC of the common 
clay minerals; the CEC for SRP soils and sediment typically ranges from about 
1.5 to 15.2 milliequivalents per 100 grams (Siple, 1967). 

As a result of these affinities , sedimentation and sorption processes control 
the distribution of cesium-137 . The re suspension, transport, and deposition 
of sediment are governed by the hydraulic properties of the sediment and 
streambed and by the creeks varied flow regime as a consequence of reactor 
operations * In addition, the finegrained creekbed and f loodplain sediments 
(clay and silt) are usually associated with higher cesium-137 concentrations 
than are the coarser grained sediments. 

Since the early 1950s, the flow regimes of Four Mile Creek and Pen Branch, 
including Indian Grave Branch, have been increased by the discharge of cooling 
water and process effluent directly into the creeks. The drainage patterns of 
the two creeks changed with erosion in the stream channels and deposition near 
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sitional environments in both creeks presently extend from their deltas to 
about 2.4 kilometers below SRP Road A, where near-neutral (neither erosion nor 
deposition) conditions exist (Ruby, Rinehart , and Reel » 1981), 

3.1*4,6 Geotechnical Properties of Sediments and Subsurface Materials * i TC 

Near the center of the Savannah River Plant, the Congaree Formation (25 to 30 
meters thick) consists of inter fingered beds of very dense sands [SC and SM» 
according to the Unified Soil Classification System (Lambe and Whitman, 1969)] 
with stiff silts . Near its contact with the overlying McBean Formation, the 
Congaree is characterized by a silty to sandy marl. Exploratory drilling 
showed that penetration resistance [as measured by the standard penetration 
test (SPT) (Lambe and Whitman, 1969) ] of the Congaree Formation is consist- 
ently very high, frequently greater than 50 blows per 30 centimeters of pene- 
tration. Geophysical surveys indicate a shear-wave velocity of about 470 
meters per second over the entire thickness of the Congaree Formation. 

A stiff to hard, glauconi tic-clay to marl unit, which thickens from about 2 

meters in the central nor t ion of the Plant to about 18 meters in the 
_ j_ _ _ _ 

south-southeast portion, separates the McBean Formation from the Congaree 

Formation* This clay is known locally as the "green clay." 

The McBean Formation, about 18 to 21 meters thick in the central region of the 
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clays (CL, CH) in the upper section, and of impure calcareous sands (SM, SC) 
and silts (ML) ; indurated broken to slightly broken marl and f ossilif erous 
limestone might be present in the lower section. Exploratory borings have 
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encountered very soft plastic-clay lenses within and immediately overlying the 
calcareous sediments * Portions of the calcareous xone , where present , have 
been subjected to the subsurface leaching of appreciable amounts of calcareous 
material . Thus, this zone is characterized by high penetration resistance 
where the material is competent, and very low penetration resistance, with 
drops of drilling rods of 2 to 3 meters and loss of drilling fluids , where 
dissolution and removal of material have occurred- The U.S * Army Corps of 
Engineers grouted the calcareous zone beneath major structures when the facil- 
ities on the Plant were constructed in the early 1950s (COE, 1952). The zone 
with dissolution characteristics immediately overlies an impure limestone that 
is characterized by high blow counts . The limes tone units are discontinuous ; 
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irregular and undulatory , Above the basal calcareous zone, the sands of the 
McBean are medium-dense with penetration resistance typically in the range of 
10 to 30 blows per centimeters . In some areas , such as stream valleys , the 
upper McBean sands can be in a very loose to loose state. Except in stream 
valleys, shear-wave velocities are expected to range from about 300 meters per 
second in the upper portion of the formation to 440 to 470 meters per second 
in the lower portion. 



TE A discontinuous clay unit (approximately 3-5 meters thick) known locally as 
the "tan clay" separates the McBean Formation from the overlying Barnwell 
Formation. The total thickness of the Barnwell in the central portion of the 
Plant is about 25 meters, but it varies depending on the amount of erosion 
that has occurred. The sands of the Barnwell Formation are typically classic 
fied as SC and SM with some SP material, whereas the clayey material is 
usually classified as CL, ML, and MH. Penetration resistance in the Barnwell 
is frequently low, with the sandy material exhibiting loose to very loose 
densities and the clays soft to very soft consistencies* Two zones of loosely 
compacted material have been identified, one near the top of the formation and 
the other near its base. In these zones, the penetration resistance is 
usually less than 4 blows per 30 centimeters. 

Undifferentiated f loodplain alluvial sediments consist of interf ingering 
lenses of inorganic , very loose to loose and medium-dense sands (SP) , gravels 
(GM-GP), and clay-sand mixtures (SM and SC). The very soft and soft inorganic 
and organic silts (ML, MH, and OH) and clays (GC) of this zone have also been 
encountered in f loodplain sediments. Typical deposits are about 5 meters 
thick in the center of the valley and pinch out toward the valley walls. 
Colluvial deposits are located on the flanks of the stream valleys and are 
partially mixed with the f loodplain sediments . They are composed of reworked 
sediments of the McBean and Barnwell Formations and form a drape 3 or more 
meters thick over the valley slopes. 

The potential for settlement and liquefaction exists beneath structures 
founded above areas with low penetration resistance. 

3.1*5 HYDROLOGY 



3.1.5.1 



Surface-Water Hydrology 



The principal surface-water body associated with the Plant Is the Savannah 
River, which adjoins the site along its southwestern border. The total drain- 
age area of the river, 27, 388 square kilometers , encompasses all or parts of 
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41 counties in Georgia, South Carolina, and North Carolina, More than 11 per- 
cent of this drainage area lies upriver of the Plant (Lower, 1985), On the 
Fiant, a swamp lies in the floodplain along the Savannah River for a distance 
of about 16 kilometers; the swamp is about 2.4 kilometers wide- 
Six principal tributaries to the Savannah River are located on the SRP site: 
Upper Three Runs Creek, Beaver Dam Creek, Four Mile Creek, Pen Branch, Steel 
Creek, and Lower Three Runs Creek (Figure 3-2). Five of these onsite streams 
have historically received thermal discharges from SRP cooling water opera- 
tions* Currently, only Beaver Dam Creek, Four Mile Creek, and Pen Branch are 
receiving direct thermal discharges from the D-Area coal -fired powerhouse, 
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charge to cooling impoundments before the effluent is released to Steel Creek 
and Lower Three Runs Creek, respectively. The P-Reactor effluent is recir- 
culated in Par Pond prior to discharge, whereas L-Reactor discharges its cool- 
ing effluent to a "once- through" cooling impoundment. No direct discharge of 
SRP cooling water is made to the Savannah River, 

Streamflow Characteristics 

Natural discharge patterns on the Savannah River are cyclic: the highest 
river levels are recorded in the winter and spring, and lowest levels are 
recorded in the summer and fall. Stream flow on the Savannah River near the 
Plant is regulated by a series of three upstream reservoirs : Clarks Hill , 
Russell, and Hartwell (DOE, 1984b)* These reservoirs have stabilized average 
annual stream flow to 288.8 cubic meters per second near Augusta (Bloxham, 
1979). and 295 cubic meters per second at the Savannah River Plant (DOE, 1984b). 

The river overflows its channel and floods the swamps bordering the Plant when 
its elevation rises higher than 27 meters above mean sea level (which cor- 
responds to flows equal to or greater than 438 cubic meters per second) 
(Marter, 1974). River-elevation measurements made at the SRP Boat Dock indi- 
cate that the swamp was flooded approximately 20 percent of the time (74 days 
per year on the average) during the period from 1958 through 1967. 

The peak historic flood between the years 1976 and 1981 was estimated to be 
10,190 cubic meters per second (DOE, 1984b). Since the construction of the 
upstream reservoirs, the maximum average monthly flow has been 1242 cubic 
meters per second for the month of April (1964-1981). 

There are three significant breaches in the natural river levee at the SRP 
site; they are opposite the mouths of Beaver Dam Creek, Four Mile Creek, and 
Steel Creek. During periods of high river level (above 27 meters), river 
water overflows the levee and stream mouths and floods the entire swamp area. 
The water from these streams then flows through the swamp parallel to the 
river and combines with the Pen Branch flow. The flows of Steel Creek and Pen 
Branch converge 0.8 kilometer above the Steel Creek mouth. However, when the 
river level is high, the flows are diverted parallel to the river, across the 
offsite Creek Plantation Swamp; ultimately they join the Savannah River flow 
near Little Hell Landing (DOE, 1984b). 
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Water Quali ty 

Historically, the Savannah River has been subjected to many factors that 
affect the water quality- Completion of the Clarks Hill Dam, located upstream 
from the Plant at River Mile 237,7, resulted in decreased silt loading and 
turbidity downstream. Because of the depth of withdrawal , the temperature of 
the water decreased by about 5^0 (Neill and Babcock, 1971) . From 1951 until 
1956, downstream reaches of the Savannah River were dredged to improve channel 
alignment and navigability. This dredging temporarily increased suspended 
solids* turbidity, and dissolved nutrients. 

Improved wastewater treatment by municipalities since the mid-1960s has 
reduced the nutrient loading and biochemical oxygen demand; however, indus- 
trialization of the river basin in the metropolitan Augusta, Georgia, area has 
increased total waste loading (DOE, 1982) . 

Variability of all water-quality parameters has diminished over the last 20 
years, primarily because of flow stabilization by upstream dams. The pH of 
the river is generally slightly acid. The river water is relatively soft, well 
oxygenated, and low in chemical and biological oxygen demand (Lower, 1984) . 
Table 3-3 compares the 10-year mean Savannah River water quality measurements 
upriver, at, and downriver of the Plant. 

The annual average temperature of the Savannah River 3 kilometers up river of 
the Plant, from 1979 to 1982, was 17.8°C with a range of individual sample 
analyses of 1*5° to 26*Q°C. Similarly , below the Plant the average annual 
temperature was 18 .4*0 and the range was 6*5° to 26 *0°C. Figure 3-8 
shows monthly average daily-maximum temperatures above and below the Plant 
from 1971 to 1983 . The river temperature increased by about 1 .0°C on the 
average over the 18 river miles between Ellenton Landing and Millet, South 
Carolina, below Steel Creek. This increase was due* in part, to natural 
warming as the water tended toward its equilibrium temperature as the result 
of impoundment s ups t ream , 

As shown in Figure 3-8 , June , July, Augus t , and September are the warmest 
river- temperature months . The average river temperature during these months 
was about 25 percent higher than the annual average river temperature ■ From 
June 1955 through September 1982, the river temperature at Ellenton Landing 
equaled or exceeded 28°C three times and equaled or exceeded 28.3°C once 
(DOE, 1984b). 

Water Usage 

The Savannah River downstream from Augusta, Georgia, is classified by the 
State of South Carolina as a Class B waterway, suitable for agricultural and 
industrial use, the propagation of fish, and - after treatment - domestic 
use. The river upstream from the Plant supplies municipal water for Augusta, 
Georgia (River Mile 187), and North Augusta, South Carolina (River Mile 201), 
Downstream, the Beaufort-Jasper Water Authority in South Carolina (River Mile 
39,2) withdraws water to supply a population of about 51,000* The Cherokee 
Hill Water Treatment Plant at Port Wentworth, Georgia (River Mile 29.0), with- 
draws water to supply a business-industrial complex near Savannah, Georgia, 
that has an estimated consumer population of about 20,000 (Du Pont, 1982b). 
Plant expansions for both systems are planned for the future. 
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Table 3-3* 



Parameter 



Temperature (°C) 
pH (units) (range) 
Dissolved oxygen 
Alkalinity 
Conductivity 

(ttm hos/cm) 
Suspended solids 
Volatile solids 
Total dissolved 

solids 
Total solids 
Biochemical oxygen 

demand 
Chemical oxygen 

demand 



fVil rsr-i ^ric 



Kjeldahl nitrogen 

(N) 
Nitrates + 

nitrites (N) 
Sulfates (SO*) 
Total phosphates 

(PCU) 
Aluminum (Al) 
Ammonia (N) 
Calcium (Ca) 
Sodium (Na) 
Iron, total (Fe) 
Lead (Pb) 
Manganese (Mn) 
Mercury (Hg) 



Water Quality of the Savannah River, 1973 to 1982 
Lfpriver of the SRP, at Pumphouse 3G and Downriver 
at the U.S. Highway 301 Bridge 3 



Upstream of SRP 
mean concentration, 



Pumphouse 3G 
mean concentration, 



Hwy. 301 Bridge 
mean concentration, 
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18.1 
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3-8.0 


5.5-7.3 


9.6 






9.7 


9.5 


13.8 






17.7 


13.9 


66.8 






NA 


67.9 


17.1 






24.1 


16.2 


23.4 






22.1 


23.3 


47.9 






58.6 


48.2 


65.2 






83.0 


65.7 


1.6 






0.73 


1.5 



NA C 






NA 



0.693 



5 


.17 





.464 





.382 





.108 


2 


24 


7 


66 


0. 


34 


NA 




NA 




0. 


002 



a* Source: Du Pont, 1985b 
b* Except as noted* 
c. NA - No analysis. 
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The Savannah River Plant currently withdraws a maximum of 37 cubic meters per 
second (about 90 percent of the maximum pumping rate of 41 cubic meters per 
second) from the river, primarily for use as cooling water in production 
reactors and coal-fired powerhouses (DOE, 1984b). Almost all this water 
returns to the river via SRP streams; consumptive water use is about 0.9 cioic 
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Figure 3-8. Savannah River Monthly Average Daily-Minimum Temperatures 
for 1971-1983 
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meter per second at K- and C -Reactors, 1.3 cubic meters per second at L- and 
P -Reactors, and about 0*3 cubic meter per second at the D-Area coal-fired 
powerhouse (DOE, 1984b). 



The river also receives sewage treatment plant effluents from Augusta, 
Georgia; North Augusta, Aiken, and Horse Creek Valley, South Carolina; and 
other waste discharges along with the heated SRP cooling water via its 
tributaries. Withdrawal of an average of 1.3 cubic meters per second from the 
river tor cooling and the return of an average of 0.35 cubic meter per second 
from unit one of the Vogtle Electric Generating Plant began in 1987. These 
withdrawal and return rates would double when both units were operating (NRC, 
1985). ^ The Urquhart Steam Generating Station at Beech Island withdraws 
approximately 7.4 cubic meters per second of once-through cooling water. 
Upstream, recreational use of impoundments on the Savannah River, including 
water contact recreation, is more extensive than it is near the Plant and 
downstream. No uses of the Savannah River for irrigation have been identified 
in either South Carolina or Georgia (Du Pont, 1982b). 

3.1.5.2 Subsurface Hydrology 
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The geologic units that underlie the Savannah River Plant are components of 
the hydrogeological system of the area (see Figure 3-6). Here the Coastal 
Plain sedimentary units that transmit water consist of the Barnwell (combined 
with the overlying Hawthorn as one mapping unit), McBean, Congaree, Ellenton, 
and Middendorf /Black Creek ("Tuscaloosa") Formations (Figure 3-6). The 
principal confining and semi-confining units include the "tan clay," which 
separates the Barnwell and McBean Formations, the "green clay," which sepa- 
rates the McBean and Congaree Formations, the basal Congaree and Ellenton 
clays, and the clay units in the Middendorf /Black Creek (Figure 3-9). South 
and east of Upper Three Runs Creek, the water table (or unconfined ground- 
water) generally occurs in the Barnwell Formation. Groundwater in the 
underlying units occurs under semiconfined and confined conditions. 
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The Barnwell Formation at the Plant is recharged by precipitation, which moves 
in a predominantly vertical direction to the water table at a rate of about 
0.9 to 2*1 meters per year (Haskell and Hawkins, 1964). Natural discharge 

Formation is to the perennial creeks and to the McBean 

water budget analysis for the central part of the Plant, 

(1984)' estimated that the annual recharge to the Barnwell 

38 centimeters with about 13 centimeters of groundwater 

creeks and 25 centimeters seeping through the "tan clay" to 



Formation. From a 
Hubbard and Ems 1 ie 

Formation is about 
discharging to the 



the McBean Formation. 



The McBean Formation is recharged in offsite areas and by seepage from the 
Barnwell Formation. Natural discharge is toward Upper Three Runs Creek, Four 
Mile Creek, Pen Branch, and Indian Grave Branch, which is a tributary of Pen 
Branch. 



TC 



The Congaree Formation is recharged in offsite areas and by seepage from the 
McBean Formation. Natural discharge is toward the wetlands along Upper Three 
Runs Creek and the Savannah River. There is no appreciable seepage downward 
through the Ellenton clay or upward through the "green clay." As a result of 
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Figure 3-9, Vertical Head Relationship Near the H-Area Seepage Basins 
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the natural discharge, the potentiometric head in the Congaree is lower than 
that in the Middendorf /Black Creek Formations in a broad area within about 10 
kilometers of Upper Three Runs Creek and the Savannah River. 

The Middendorf /Black Creek Formations are recharged in offsite outcrop areas 
near the Fall Line in Aiken County, and through the overlying sediments north 
and west of Upper Three Runs Creek. Natural discharge is toward the wetlands 
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aiong cne Savannah River north of the Plant. Water is also lost from seepage 

into overlying formations. ^ 

The water in the Coastal Plain sediments tends to be of good quality, suitable 
for municipal and industrial use with minimal treatment- It is generally 
soft, slightly acid, and low in dissolved and suspended solids. 

Most municipal and industrial water supplies in Aiken County are developed 

from the Middendorf /Black Creek ("Tuscaloosa") Formations. Domestic water TE 

SUPplieS in Aiken f!rnint:v ^T*<a HpVulnnpH nrimat*i 1m frnm t-Uc* RoKfiual 1 M^P^-.« 

and Congaree Formations. In Barnwell and Allendale Counties, the Middendorf/ 
Black Creek Formations occur at increasingly greater depths; some municipal j TE 
users, therefore, are supplied from the shallower Congaree and McBean 
Formations or from their limestone equivalent. In these counties, domestic 
supplies are developed from the Barnwell and McBean Formations. 

3,1.6 ECOLOGY 

The United States Government acquired the 780-square-kilometer (192,741 acres) TC 
Savannah River Plant in 1951 (Du Pont, 1985b). At that time the land was 
approximately two-thirds forested and one-third cropland and pasture (Dukes, 
1984). With the exception of the production and support areas, many pre- 
viously disturbed areas and open fields have been reclaimed by natural succes- 
sion or have been planted with trees ; these areas are managed by the U.S. 
Forest Service. Today more than 90 percent of the Plant is forested. Table 
3-4 lists recent SRP land utilization, other than the land used for chemical 
or nuclear processes and support facilities. The Plant, which was designated 
as a National Environmental Research Park in 1972, is one of the most exten- 

This section describes the ecology of the Savannah River Plant and the sur- 
rounding region. Appendix C presents results of many studies conducted in the 
Savannah River, the Savannah River swamp, and the onsite streams. 

3.1.6.1 Terrestrial Ecology 

Soils 

A general soils map of the Savannah River Plant (Adelott, 1977) grouped the 
soil types into 23 mapping units. The dominant types are Fuquay/Wagram Soils 
(27.3 percent), Dothan/Norfolk soils (9.6 percent), Savannah River Swamp and 
Lower Three Runs Corridor (9.4 percent), Troop Loamy Sand, Terrace phase (8.4 
percent), Gunter Sand (7.5 percent), and Vaucluse/Blaney Soils (6.5 percent). 
Together these units account for approximately 70 percent of the soil types 
that occur on the Savannah River Plant. 
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Table 3-4. Land Utilization, 1983 



Area 
Land (acres) 






650 
Supine 35,000 

E&£ ?£ «$ 

Pine-hardwood (60% pine) *» 000 

Hardwood-pine (60% hardwood) 6,300 

Scrub oak 2 <°™ 

Upland hardwoods 4,500 

Bottomland hardwoods 29,000 

Other pine ,,. I™ 

Subtotal io/,u3u 

Wetlands 

Creeks /f loodplains 
Savannah River Swamp 
Par Pond 
Carolina bays 
Other 

n . .i_ j_ _ j_ _ 1 

dUDLOLai 

Total 



24 


,500 


10 


,000 


2 


,500 


1 


,000 


1 


,000 


39 


.000 

7 - - - 


206 


,050 b 


lant because of 



a* Adapted from Dukes, 1984. 

b* Exceeds total acreage of the Savannah River 

overlap in wetlands and bottomland hardwood acres* 



Vegetation 

The Savannah River Plant is near the line that divides the oak-hickory-pine 
forest and the southern mixed forest. Consequently, it has species repre- 
sentative of each forest association (DOE, 1984b). In addition, SRP vege- 
tation has been influenced strongly by farming, fire, soil features, and 
topography. No virgin forest remains in the region. Except for the produc- 
tion areas and their support facilities, the U.S. Forest Service has reclaimed 
many previously disturbed areas through natural plant succession or by 
planting with pine (Du Pont, 1985b). 

A variety of vascular plants (150 families, 1097 species) occur on the 
Savannah River Plant (Dukes, 1984). (See Appendix C for greater detail and 
Appendix F for a discussion of wetlands and f loodplains. ) Typically, scrub 
oak communities cover the drier sandy areas; longleaf pine* turkey oak, blue- 
jack oak, blackjack oak, and dwarf post oak with ground cover of three awn 
grass and huckleberry dominate such communities* Oak-hickory hardwoods are 
prevalent on more fertile, dry uplands. The characteristic species are white 
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oak, post oak, southern red oak, mockernut hickory, pignut hickory, and lob- 
lolly pine with an understory of sparkleberry , holly, greenbrier , and poison 
ivy. 

The composition is more variable on moist soils found along small streams or 
on old floodplains* Characteristic species include tulip poplar, birch, sweet 
gum, willow oak, water oak, and loblolly pine. The understory can include 
dogwood, members of the honeysuckle family, holly, and red buckeye. 

Bottomland hardwood forest borders the Savannah River swamp where it is sub- 
ject to occasional flooding. Some common trees are sweet gum, swamp chestnut 
oak, red maple, hackberry, laurel , blue birch, river birch, water oak, willow, 

w;^uinui.c 1 "nigcu ciiii, duu luuiuiiy jjine* riliitieLLu, swiLcu cane, greeiiuner, 
grape, crossvine, and trumpet creeper are also common. 

The swamp bordering the Savannah River is subjected to seasonal flooding with 
winter and early spring water levels 3 to 4,5 meters higher than those of sum- 
mer and fall. Bald cypress and tupelo gum are the dominant trees in the 
Savannah River swamp, where standing water is present almost' year-round. 
Black gum and water oak are also present. 

The status of the smooth conef lower ( Echinacea laevigata ) , which is found on 
the Savannah River Plant along the Burma Road, as a threatened and endangered 
species is currently under status review by the U.S. Fish and Wildlife Service 
(Currie, 1985)* To date, the U.S. Fish and Wildlife Service has not identi- 
fied any "critical habitat" on the Savannah River Plant. Commercially valu- 
able plant biota on the Savannah River Plant include approximately 175,000 
acres of timber managed by the U.S. Forest Service* 

Wildlife 

The diversity and abundance of wildlife that inhabit the Savannah River Plant 
reflect the interspersion and heterogeneity of the habitats occurring at the 
site* Because of its mild climate and the variety of aquatic and terrestrial 
habitats, the Savannah River Plant contains a varied and abundant herpetofauna 
(DOE, 1984b) . Gibbons and Patterson (1978 ) provide a comprehensive descrip- 
tion of the herpetofauna of the site, including taxonomy, distribution, and 
ecological information. The species on the Plant include 31 snakes, 26 frogs 
and toads, 17 salamanders, 10 turtles, 9 lizards, and 1 alligator (Dukes, 
1984), 

Species collected during intensive field studies on Steel Creek, particularly 
during 1981 and 1982, are considered to be representative of species occurring 
on similar creeks and wetland areas . Frogs and toads , turtles , and sala- 
manders (in order of decreasing relative abundance) constituted more than 85 
percent of the 65 species (69 percent of those on the Plant) found (DOE, 
1984b). 

Biologists have identified more than 213 species of resident and migrant birds 
on the Plant, Gamebirds such as quail and dove were initially abundant on the 
Plant but have declined since the 1960s because the conversion of agricultural 
fields to forests has reduced the carrying capacity for these species . The 
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South Carolina Wildlife and Marine Resource Department initiated a turkey- 
breeding program on the Plant in 1972. As of 1984, about 135 turkeys had been 
captured and usea no re&LucK. uuici aiecta ui me j^a^c v^^rv^^, ±.sxj-t,* 

Waterfowl on the Plant are roainly winter migrants. Wood ducks are the only 
waterfowl species to breed consistently in the SRP region. An estimated 
TC 10,000 to 15*000 ducks and coots spend the winter on the site; most congregate 
on Par Pond and on other large ponds and Carolina bays. Another 1000 to 2000 
ducks spend the winter in the lower swamps and on the Savannah River (Dukes, 
1984), 

Commercially and Recreationally Valuable Biota 

The ecosystems on the Savannah River Plant support many commercially and 
recreationally valuable game populations; however , DOE restricts recreational 
use to controlled hunts for white-tailed deer and feral hogs* Many species 
are highly mobile and travel off site where activities such as hunting are 
allowed. Other resident species that are edible and that travel offsite 
include the ring-neck duck, wood duck, mallard, bullfrog, and various species 
of turtles* The slider turtle is the most abundant turtle known to migrate 
offsite; other common species that move offsite include the Florida cooter and 
the snapping turtle (DOE* 1984b)* 

Endangered and Threatened Species 

Four species listed as either threatened due to similarity of appearance or 
endangered by the U.S. Fish and Wildlife Service - the American alligator, the 
bald eagle, the wood stork, and the red-cockaded woodpecker - have been 
identified on the SRP. As stated above for plant species, the U.S. Fish and 
Wildlife Service has not identified any "critical habitat" for animal species 

«« i-U^ C-.T^««^k D -I tt^** Dl^rth ( Qaa AnnortHiv P f nr mrvT*A Hof-^-i 1 - PRDfini all V 
kjli luc oavaiuiaii rv.x v t a. ; xaut. \u^.t. »ip^v.nw -■-.«. ^. *_ v *. ...w --*- i*._ »«.*— , r — - ^ 

concerning definition of "threatened due to similarity of appearance.") 

TC | Listed Federally as "threatened due to similarity of appearance," the American 
alligator is common locally and breeds in Par Pond, near D-Area, in the 
Savannah River Swamp, along Steel Creek, in Pond B, and in Lower Three Runs 
Creek. The ecology of this species on the Savannah River Plant has been 
examined intensively (Du Pont, 1985b). 

The Federally endangered bald eagle is a fairly common permanent breeding 
resident in South Carolina. Bald eagles migrate from the southeast to the 
northern states and Canada in midsummer; they return south in the fall and 
TC early winter to nest and rear their young (Sprunt and Chamberlain, 1970). The 
first sighting of an active bald eagle nest on the SRP occurred in June 1986, 
below Par Pond dam in the Lower Three Runs Creek drainage area. Two eaglets 
were fledged from this nest in 1986 and 1987. 
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Endangered wood storks , which have been observed on the Savannah River Plant, 
originate from the Birdsville rookery near Millen, Georgia. The Steel Creek 
delta, Beaver Dam Creek area, and other sites in the Savannah River swamp 
provide important feeding habitat for storks from this rookery (Du Pont, 
1985b). 
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The endangered red-cockaded woodpecker has a very restrictive requirement for 
nesting habitat; it nests only in old (more than SO years) stands of pines. 
In 1987, the SRP had three active breeding pairs and a total population of 14 
(A, B, Gould, U.S. Department of Energy, personal communication with J, L. 
Oliver, NUS Corporation, August 20, 1987). 

3*1-6,2 Aquatic Ecology 

Aquatic Flora 

The Savannah River is the dominant water body associated with the Savannah 
River Plant. The river has experienced two significant alterations since the 
early 1950s: (1) dredging in the main channel as far as Augusta, Georgia, and 
(2) completion of upstream reservoirs (Clarks Hill in 1952; Hartwell in 1961; 
Russell in 1984), These changes have affected the aquatic community by reduc- 
ing shallow habitat and reducing transport of sediment and allochthonous par- 
ticulate organic material (Patrick et al . , 1967). The microflora of the 
Savannah River is dominated by diatoms, although blue-green algae are some- 
times common upstream from the Plant; their abundance is caused by organic 
loading from municipal sources. The abundance and species distribution of 
phytoplankton result, to some extent, from upstream reservoir overflow* Mac- 
rophytes, most of which are rooted, are limited to shallow areas of reduced 
current, such as oxbows , behind sandbars , in swamp areas , and along the 
shallow margins of tributaries. Eight species of vascular plants have been 
identified from the Savannah River adjacent to the Plant; the most common are 
water milfoil, hornwort, alligatorweed, waterweed, and duck potato (DOE* 
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Aquatic Fauna 

Shallow areas and quiet backwaters and marshes of the Savannah River near the 
Plant support a diverse aquatic invertebrate fauna* However, the bottom sub- 
strate of most open portions of the river consists of shifting sand that does 
not provide optimum habitat for bottom-dwelling organisms. During the 1950s, 
the river experienced a decrease in the total number of invertebrate species; 
this decrease has been attributed primarily to the effects of Hr-pHe-in* fP^frii-V 
et al., 1967), The stabilization of the river discharge and the elimination 
of habitat caused by the reduction in the flooding of backwater areas might 
have contributed to the decline. Some recovery occurred during the 1960s and 
1970s, but complete recovery has not taken place. The groups most affected 
are those sensitive to the effects of siltation and substrate instability. 
Mayflies and dragonflies predominated among insect fauna in earlier surveys. 
In more recent surveys, dipterans (true-flies) have been dominant (DOE, 1984b; 
ECS, 1985). 
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Results of insect fauna! studies conducted have indicated substantial organic 
loading to the river upstream from the Savannah River Plant. True-flies (par- 
ticularly chironomids) dominated the drift communities, which is typical of a 
riverine system, Mollusks, such as snails and clams, are also an important 
component of the Savannah River invertebrate community. The Asiatic clam, 
Corbicula f luminea , is found in the river and larger tributary streams in the 
vicinity of the Plant (DOE, 1984b). 
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The Savannah River drainage is typical of southeastern coastal plain systems, 
exhibiting a diverse fish fauna represented by 102 species (Dahlberg and 
Scott, 1971)* Eighty species have been found in the streams, swamp, and river 
near the SRP site (Paller and Osteen, 1985). 

A study of certain biota in the Savannah River was initiated in July 1982 
(Du Pont , 1985b)- The focus of this study was to examine the occurrence, 
relative abundance , and distribution of adult and larval fishes in the river , 
the SRP intake canals , and lower reaches of tributary creeks . (See Appendix C 
for additional discussion.) Previous data and studies were reviewed, incor- 
porated, or extended in this study. 

Researchers collected 80 fish species as part of this study. The dominant 
small fishes (excluding minnows) were sunf ishes (especially redbreast) and 
flat bullheads * The dominant large fishes were bowf in, spotted suckers , and 
channel catfish* Other important species were largemouth bass, American eel, 
white catfish, longnose gar, striped mullet, silver redhorse, chain pickerel, 
and quillback carpsucker . The most abundant small forage species were shiners 
TC j and brook silverside (Du Pont, 1985b; Paller and Osteen, 1985). 

Species composition varied due to seasonal changes in fish movement and activ- 
ity (e.g. , spawning) * The most conspicuous change was a decrease in the 
relative abundance of sunf ish during January. Bowf in, spotted sucker, flat 
bullhead, and channel catfish were more abundant during January. The greatest 
number of species (37) was captured during May, possibly because of migratory 
movements or seasonal changes in activity related to spawning. Recruitment of 
young of the year might have increased the relative abundance of some species 
during August (Du Pont, 1985b). 

Thermal effluents affect the structure of fish communities in the streams and 
swamp on the Savannah River Plant* Studies of nonthermal, thermal , and post- 
thermal areas in SRP stream and swamp systems indicate that the thermal 
streams have markedly reduced species richness and abundance in relation to 
ambient-temperature areas . In these ambient— temperature areas , habitat 
factors (cover type, water depth, water velocity) can strongly influence 
species composition* The greatest differences in fish community structure 
occurred between the swamp sites and areas sampled along the lower reaches of 
the Four Mile Creek corridor. Species richness declined substantially and 
mosquito fish clearly dominated collections . Mosqui tof ish were either absent 
or minor components of the community at ambient -temperature sites (Du Pont, 
1985b). 

The 1983 ichthyop lank ton sampling program extended from February through July; 
it included 26 river transects, 2 intake canals , and 33 tributary creeks of 
the Savannah River between River Mile (RM) 29.6 and 187.1. During 1983, 
researchers collected and identified 43,294 fish larvae and 7138 fish eggs 
(Du Pont, 1985b). 

Ichthyoplankton densities were highest downstream of the Plant during Feb- 
ruary, March, and April , highest near the Plant during May, and highest 
upstream of the Plant during June and July* These trends correlated with 
temperature and probably occurred because the lower river warmed to suitable 
spawning temperatures before the upper river (Du Pont, 1985b). 
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During March and April 1983, ichthyoplankton density decreased nearly five- 
fold near the Plant between RM 141.7 and RM 150.4. This phenomenon did not 
result from the destruction of larvae by thermal plumes from the Plant because 
river temperatures were not abnormally elevated in the region; nor was it due 
to entrainment, because only 6.6 percent of the river discharge was entrained 
during March and 4,2 percent in April. The marked increase in ichthyoplankton 
abundance below RM 150.4 probably resulted from an influx of larvae from 
spawning areas in the swamps bordering the Plant. When river levels are 
unusually high, as they were during the 1983 spawning season, SRP thermal 
effluents discharge into the swamp rather than directly into the main channels 
of the receiving streams. The resulting temperature increases in the swamp 

might have stimulated sDawnine. 
_ - - i. — tj ■*■ 

Patterns in stream-swamp ichthyoplankton abundance on the Savannah River Plant 
were comparable with those of adult fish. Generally, ichthyoplankton densi- 
ties at swamp and creek mouth stations were substantially higher than those at 
creek stations upstream from the swamp. Results from sampling throughout the 
Steel Creek delta revealed that spawning activity differs substantially in the 
different microhabitats available in the delta area. The deepwater, open- 
canopy areas were the most productive for ichthyoplankton; centrarchids 
(sunfish and bass), cyprinids (minnows), and percids (darters) dominated col- 
lections. Although clupeids (herring and shad) were collected in the delta/ 
swamp areas, the numbers were much lower than those observed at creek mouth 
stations. Generally, anadromous species appear to make minimal use of swamp 
areas for spawning and restrict these activities to the creek, mouths . No 
striped bass ichthyoplankton have been collected in swamp or creek mouth 
locations. 

During 1984, 1938 fish were collected from impingement samples on 107 sampling 
dates. The number of fish impinged daily ranged from to 190, with an aver- 
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impinged during 1984 was approximately half of the 37 fish impinged daily dur- 
ing 1983 (Paller et al. , 1984), but was similar to the average of 19 fish 
impinged during 1982 (ECS, 1983). These three years of data (1982 to 1984) 
indicate that more than twice as many fish are impinged as the 7 per day 
reported during 1977 (McFarlane, Frietsche and Miracle (1978). Generally, all 
researchers found that sunfishes were the most dominant fish impinged, fol- 
lowed by shad and herring. Highest rates of impingement generally occurred in 
the spring, associated with flood conditions (Du Pont, 1985b; Paller and 
Osteen, 1985). 

Entrainment of larval fish and eggs at the SRP pumphouses during the 1984 
spawning season totaled 23.4 x 10 6 ichthyoplankters (17.6 x 10 6 larvae and 
5.8 x 10 6 eggs (Paller, O'Hara, and Osteen, 1985)), which was 37.0 percent 
less than the 37.2 x 10 6 larval and eggs entrained in 1983 (Paller et al . , 
1984) . The 1983 and 1984 entrainment values represent 8 . 3 and 9 . 3 percent , 
respectively, of the total ichthyoplankton that passed by the intake canals 
and structures (Paller, O'Hara, and Osteen, 1985). (See Appendix C for more 
details concerning entrainment and impingement studies). 

Endangered and Threatened Species 

Recent fisheries surveys on the Savannah River revealed that the endangered 
shortnose sturgeon spawn in the vicinity of the Savannah River Plant (Du Pont, 
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1985b), Shortnose sturgeon larvae were collected in river water upstream, 
downstream, and adjacent to the Plant during 1982 (two larvae collected), 1983 
(six collected), and 198^ (two collected). All of the sturgeon larvae col- 
lected during 1982 were taken from the section of river between RM 150,8 and 
RM 157,3, with none collected from the intake canals* One of the seven short- 
nose sturgeon larvae collected in 1983 was found in the 1G intake canal, one 
was found in the 3G intake canal, and the remaining five were found adjacent 
to or downstream of the Plant. During 1984, both shortnose sturgeon larvae 
were collected below the Plant. No larvae or juveniles were collected from 
any SRP tributary stream during 1982, 1983 (Du Pont, 1985b), or 1984 (Paller, 
O'Hara, and Osteen, 1985). 

A biological assessment of the potential effects of SRP operations on the 
shortnose sturgeon in the Savannah River (Muska and Matthews, 1983) was sub- 
mitted to the National Marine Fisheries Service (NMFS), The NMFS and DOE-SR 
have concurred that the population of the shortnose sturgeon in the Savannah 
River would not be jeopardized by SRP operations (Oravetz, 1983). 

Commercially and Recreationally Valuable Biota 

All thermal streams on the Savannah River Plant support depauperate fish popu- 
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Savannah River supports both commercial and sport fisheries (Appendix C). 
Most fishing is confined to the marine and brackish waters of the coastal re- 
gions of South Carolina and Georgia, The only commercial fish of significance 
near the Plant are the American shad, the channel catfish, and the Atlantic 
sturgeon. (The commercial catch of American shad from the Savannah River dur- 
ing 1979 was 57,600 kilograms, ) These species are exploited to a limited 
degree by local fishermen. 

Sport fishermen are the principal consumers of river fishes, primarily sunfish 
and crappie. Striped bass are classified as game fish in South Carolina and 
Georgia (Ulrich et al - , 1978), 

The Fisheries Section of the Georgia Department of Natural Resources (GDNR) 
published the results of a fisheries study conducted on the Savannah River 
from July 1, 1981, to June 30, 1982 (Georgia Game and Fish Division, 1982). 
GDNR researchers collected data from sports fishermen on fishing effort, har- 
vest, species sought, habitat or location fished, and angler origin. Approxi- 
mately 4600 anglers fish in the freshwater section of the Savannah River. 
Georgia residents constitute 68.2 percent of these anglers. The anglers fish 
in both the mainstream (58.2 percent) and oxbows, creeks, and lakes (41.8 per- 
cent) of the river. Freshwater anglers fish (43,8 percent of their time) for 
bream (i.e., bluegill, redbreast sunfish, warmouth, redear sunfish, and 
spotted sunfish); bream account for 73 percent of the fish caught. Largemouth 
bass is the next most popular species (38 percent of the time); however, suc- 
cess is low (2.5 percent of the £ ish caught ) . About 90 ,000 kilograms of 
freshwater fish are harvested from the lower Savannah River annually. 

3*1*7 METEOROLOGY AND CLIMATOLOGY 

i 
The description of the meteorology of the Savannah River Plant is based on 
data collected at the Plant and at Bush Field in Augusta, Georgia (Du Pont, 
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1980a, 1982b; NOAA, 1985)* Additional information in the following sections 
was obtained from magnetic tapes containing data from the onsite meteorolog- 
ical program for the period 1975 through 1979. 

3*1*7.1 Regional Climatology 

The SRP area has a temperate climate, with mild winters and long summers. The 
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severe winters in the Tennessee Valley by the Blue Ridge Mountains to the 
north and northwest. The SRP site and the surrounding area are characterized 
by gently rolling hills with no unusual topographical features that would have 
a significant influence on the general climate. 

Winters are mild and, although cold weather usually lasts from late November 
to late March, less than one-third of the days have a minimum temperature 

below freezing, 

3*1-7,2 Local Meteorolog y 
SRP Meteorology Data System 

Meteorological data are collected from a system of seven towers located 
adjacent to each production area on the Plant and from the WJBF-TV tower about 
15 kilometers northwest of the SRP boundary. The seven towers are instru- 
mented at the stack height of 61 meters with vector vanes designed for tur- 
bulence measurements (Kern and Mueller, 1979). The TV tower is instrumented 
at seven levels vHoel, 1983) with bi vanes and fast-response cup anemometers to 
provide the same type of information as that received from the SRP towers 
(Kern and Mueller, 1979)* Platinum resistance thermometers at each of eight 
levels on the TV tower provide temperature information on the lowest 300 
meters of the atmosphere. 

The data measured by this tower system are received in the Weather Center 
Analysis Laboratory (WCAL) on the Plant. The data collected from the SRP 
tower system and the WJBF-TV tower are used for real-time emergency-response 
situations . 

In addition to the tower data, extremes in daily temperature and rainfall are 

recorded, and continuous measurements of temperature, relative humidity, and 

pressure are kept* Rain gauges are located at various locations on the SRP 
site. 

Temperature and Humidity 

Table 3-5 lists the average and extreme temperatures recorded for the Plant. 
The annual average temperature at the Plant is 18°C. The monthly average 
ranges from 7°C in January to 27°C in July (see Table 3-5). The extreme 
temperatures observed are -I6°C and 41°C. The Augusta, Georgia, long-term 
temperature data are in agreement with those for the Savannah River Plant. 

The length of the growing season for the Augusta area is normally 241 days, 
with the first freeze on November 12, and the last on March 16. Freezing 
temperatures have been observed, however, as early as October 17, and as late 
as April 21. 
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Table 3-5* Average and Extreme Temperatures (°C) at 

Savannah River Plant, 1961-1981 



Average temperature 



Extreme temperature 





Daily 


Daily 




Record 


Record 


Month 


maximum 


minimum 


Monthly 


maximum 


minimum 


Jan* 


13 


2 


7 


30 


-16 


Feb. 


16 


3 


9 


27 


-16 


Mar. 


20 


7 


13 


32 


-12 


Apr. 


25 


12 


18 


35 





Mav 


28 


16 


22 


37 


5 


June 


32 


19 


26 


41 


9 


July 


33 


21 


27 


41 


14 


Aug* 


32 


21 


27 


40 


13 


Sept. 


29 


18 


24 


38 


5 


Oct. 


n 1 

Z<4 


Li 


1 n 






Nov. 


19 


7 


13 


32 


-8 


Dec. 


15 


3 


9 


28 


-11 



Tear 



24 



12 



18 



41 



-16 



The annual average daily relative humidity for the Plant ranges from A3 to 90 






Average Wind Speed and Direction 

The average annual wind speed measured in Augusta from 1951 to 1981 was 3.0 
meters per second (see Table 3-6) . The average annual wind speed recorded at 
a height of 10 meters on the WJBF-TV tower near Beech Island, about 15 kilo- 
meters northwest of the Plant, was 2.5 meters per second from 1976 to 1977. 
The average monthly wind speed for Augusta, Georgia, is listed in Table 3-6 
along with the prevailing wind direction for each month. This table also 
lists the monthly and annual average wind speeds for three levels of the 
television tower. 

I Annual wind-direction frequencies for the K-, C-, and D-Areas are shown in the 
TE I transport plots (Figures 3-iQ through 3—12) . These figures show the percent- 
age of time that the wind blows from each of 16 directions (22.5" sectors) . 
The information presented in these figures was produced from data taken at the 
61-meter level (the stack height in most SRP production areas) . Seasonal 
transport is generally as follows : winter, northwest to southeast; spring, 
west to east; summer, toward the southeast through north to northeast; and 
autumn, toward the southwest and southeast , Because the pollutant dispersion 
depends on atmospheric stability, annual wind roses are available for each of 
the seven SRP towers for each of seven Pasquill-type stability classes; 
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Table 3-6. 



Average Monthly Wind Speed for Bush Field, 
Augusta, Georgia, 1951-1981 and WJBF-TV 
Tower, 1976-1977 
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WJBF-TV 
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(m) 




Mean speed 
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direction 


10 
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Jan. 


3.2 






W 


3.0 
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3. A 
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2,9 
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5.8 
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3.6 






WNW 


3,3 
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5.9 
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SE 


2.8 


4.2 


5.4 
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2.9 






SE 
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3.7 


5.0 
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i3JL 
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2.0 
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2*5 
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NE 
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2.6 






NW 


2.4 


4.1 


5.6 


Nov. 


2.8 






NW 


2.4 


4.1 


5.6 


Dec. 


3*0 






m 


2.7 


4.4 


6.3 



Annual 



3.0 



SE 



2.5 



3.9 



5.3 



Precipitation 

The average annual rainfall at the Savannah River Plant from 1952 through 
1978, was about 120 centimeters (Du Pont, 1982b). The average at Augusta from 
1951 to 1980 was about 113 centimeters (NOAA, 1985). Table 3-7 lists the 
means and extremes of precipitation for the Plant from 1952 to 1982. The 
maximum monthly precipitation was about 31.6 centimeters , recorded in August 
1964. Hourly observations in Augusta show that the intensity of the rainfall 
is normally less than 1.3 centimeters per hour. 

3.1.7.3 Severe Weather 



Extreme Winds 

The strongest winds in the SRP area occur in tornadoes, which can have wind 
speeds as high as 116 meters per second. The next strongest surface winds 
occur during hurricanes . Durine the hiRtnrv nf rho SRP . nnl v Hnrn'p afl0 
Gracie, in September 1959, had winds in excess of 34 meters per second. Winter 
storms with winds as high as 32 meters per second have been recorded occasion- 
ally (Du Pont, 1982b), Thunderstorms can generate winds as high as 18 meters 
per second and even stronger gusts. The highest 1-minute wind speed recorded 
at Augusta between 1951 and 1984 was 28 meters per second. Table 3-8 lists 
the extreme wind speeds for 50- and 100-year return periods for three loca- 
tions about equally distant from the Plant (Simiu, Changery, and Filliben, 
1979). 
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Windrose data 



Minimum date MMDDYY 10175 
Minimum lime ZULU 0000 

Entries all classes 1 1351 1 



Maximum date MMDDYY 1231 79 
Maximum lime ZULU 2400 

Entries this class 1 1 3511 
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Tower— C-62 



Windrose Data 



Minimum Date MMDDYY 10175 
Minimum Time ZULU 0000 
Entries All Classes 1 14938 




Maximum Date MMDDYY 123179 
Maximum Time ZULU 2400 
Entries This Class 1 14938 








Figure 3-11. C-Area Tower 1975-1979 



o 





















Percent Time 


Wind & 


Speed 


















Average 


Total 
















Direction 


0-2 
497 


2-4 
1016 


4-6 

665 


6-8 
115 


8-12 
2 


>12 


Speed 


Tot 


0-2 


2-4 


4-6 


6-8 


8-12 


>12 


Total 


N 

NNE 

NE 

ENE 

E 

ESE 





2.42 


2295 


.43 


.88 


.58 


.10 


.00 


.00 


2.00 


563 


1457 


971 


330 


53 





2,77 


3374 


.49 


1 + 27 


.84 


.29 


.04 


.00 


2.94 


562 


2257 


2483 


1288 


245 


10 


3.55 


6845 


.49 


1.96 


2.16 


1.12 


.21 


.00 


5.96 


713 


2482 


2934 


1216 


98 


31 


3.39 


7474 


.62 


2.16 


2.55 


1.06 


.08 


.02 


6.50 


733 


2980 


2899 


759 


49 





3.21 


7420 


,64 


2.59 


2.52 


.66 


.04 


.00 


6,46 


641 


2754 


2425 


636 


43 





3.21 


6499 


.56 


2.40 


2.11 


,55 


.03 


.00 


5.65 


ftm 


TylQO 


'joo i 






n 


•-I jt —i 


-j i- ^ i-. 


A 














SE 

SSE 

S 

SSW 

SW 

WSW 

W 

WNW 

NW 

NNW 

No Direction 




t-T-J t- 


iUJ 1 


1 JULF 


i yj 


■j 


j.*» / 


/0 1 J 


.t>3 


2.1 I 


2.4b 


l.J f 


.14 


.00 


6.54 


604 


2070 


3418 


1576 


159 


5 


3.71 


7832 


.53 


1.80 


2.97 


1.37 


.14 


.00 


6.81 


636 


2000 


3162 


1189 


188 


4 


3.59 


7179 


.55 


1.74 


2.75 


1.03 


.16 


.00 


6.25 


543 


2290 


2739 


957 


191 


4 


3.45 


6724 


.47 


1.99 


2.38 


.83 


.17 


+ 00 


5.85 


622 


2563 


2740 


1190 


231 


12 


3.54 


7358 


,54 


2.23 


2.38 


1.04 


.20 


.01 


6.40 


666 


2600 


2827 


1377 


487 


26 


3.68 


7983 


.58 


2.26 


2.46 


1.20 


.42 


.02 


6.95 


979 


2940 


3196 


1310 


733 


59 


3.36 


9217 


.85 


2.56 


2.78 


1.14 


.64 


.05 


8.02- 


1152 


2846 


3119 


1834 


928 


91 


3.30 


9770 


1.00 


2.48 


2,71 


1.42 


.81 


.07 


8,50 


877 


2026 


2102 


880 


382 


19 


3.03 


6286 


.76 


7.76 


1.83 


.77 


.33 


^ 


5.47 


655 


1268 


972 


216 


41 





2.57 


3152 


.57 


1.10 


.85 


.19 


.03 


.00 


2 + 74 


2800 


3046 


1413 


580 


141 


37 


2.06 


B017 


2.44 


2.65 


1.23 


.50 


.12 


.03 


2.00 


1.21 


2.96 


4.87 


6.70 


9.09 


14.11 


3.19 


















Avg. Speed 

i ui. til ii y 


13924 


39087 


40896 


16603 


4130 


298 


114938 

















3-37 



,,—-15 




Legend: 




D = 


= Less than 


2 m/s 


= 


= Less than 


4 m/s 


A = 


= Less than 


6 m/s 


+ = 


= Less than 


8 m/s 


X = 


= Less than 


12 m/s 




- Less than 


en _~/« 
UVJ Ml/3 



Tower— D-62 



Windrose Data 
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Figure 3-12. D-Area Tower 1975-1979 
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Table 3-7. 



Precipitation at Savannah 
River Plant, 1952~1982 a 



Monthly precipitation (cm) 



Month 


Maximum 


Minimum 


Average 


Jan, 


25.6 


2.3 


10.7 


Feb. 


20*3 


2.4 


10.9 


Mar s 


28. 


'i ft 


1 9 Q 

J- i- • ,■» 


Apr* 


21*0 


1.5 


8.9 


May 


27.9 


3.4 


10.8 


June 


27*9 


3.9 


11.1 


July 


29.4 


2.3 


12.5 


Aug* 


31*6 


2.6 


11.7 


Sept. 


22*3 


1.4 


10.2 


Oct. 


27.8 


0.0 


6.2 


Nov* 


16*5 


0.5 


5.9 


Dec* 


24.4 


1.2 


9.5 



Annual 



121*3 



a. Adapted from Du Pont, 1983c* 



Table 3-8. 



Extreme Wind Speeds for Area of 
Savannah River Plant 3 
(meters per second) 



Return period 



Station 



50-year 



100-year 



Greenville, S*C. 
Macon, Ga. 
Savannah , Ga * 



35 
30 
35 



38 

31 
39 



a. Adapted from Simiu, Changery, and Filliben, 1979 



Thunderstorms 



There is an average of 54 thunderstorm days per year at the Plant* The summer 
thunderstorms occur primarily during the late afternoon and evening; they can 
be accompanied by strong winds, heavy precipitation, or, less frequently, hail 
(NOAA, 1985). Summer thunderstorms are attributable primarily to convective 
activity resulting from solar heating of the ground and the presence of a 
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moist unstable maritime tropical air mass* Thunderstorm activity in the 
winter months is attributable mainly to frontal activity. 



Tornadoes 

In the Southeastern United States , most tornadoes occur in early spring and 
late summer, with more than 50 percent occurring from March through June. In 
South Carolina, the greatest percentage of tornadoes occur in April and May, 
about 20 percent (Pepper and Schubert, 1978) in August and September, The 
latter are spawned mainly by hurricanes and waterspouts . One or two tornadoes 
can be expected in South Carolina during April and May, and one can be 
expected each in March, June, July, August, and September (Purvis, 1977). 

Weather Bureau records show 278 tornadoes in Georgia over the period from 1916 
to 1958, and 258 in South Carolina for the period from 1950 to 1980 (Table 
3-9) (Hoel, 1983). The general direction of travel of confirmed tornado 



tracks in Georgia and Suutu ^aroxina 
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Table 3-9. Tornado Occurrence by Month 



Georgia (1916-1958) South Carolina (1950-1980) 



Month 


Number 


Percent 


Number 


Percent 


Jan. 


24 


8.6 


6 


2.3 


Feb. 


23 


8.3 


14 


5.4 


Mar. 


49 


17.6 


26 


10.1 


Apr. 


93 


33.5 


40 


15.5 


May 


20 


7.2 


53 


20.5 


June 


14 


5.0 


20 


7.8 


July 


5 


1.8 


17 


6.6 


Aug. 


10 


3.6 


25 


9.7 


Sept. 


8 


2.9 


23 


8.9 


Oct. 


2 


0.7 


8 


3.1 


Nov. 


15 


5.4 


11 


4.3 


Dec. 


15 


5.4 


15 


5.8 



Total 



278 



258 



Occasional tornadoes are to be expected in the SRP area. Investigations of 
tornado damage near the Plant in 1975 and 1976 indicated wind speeds varying 
from 45 to 78 meters per second (Du Pont, 1980a). 

Hurricanes and Hi^h Winds 

Thirty-eight damaging hurricanes occurred in South Carolina during the 272 
years of record (1700 to 1972); the average frequency was one storm every 7 
years ♦ These storms occurred predominantly during August and September . At 
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the SRP site, 160 kilometers inland* hurricane wind speeds are significantly 
lower than those observed along the coast . Winds of 34 meters per second were 
measured on the 61-meter towers only once during the history of the Plant, 
when Hurricane Gracie passed to the north on September 29 , 1959 (Du Pont , 
1982b). 

Precipitation Extremes 

Heavy precipitation can occur in the SRP area in association with either 

localized thunderstorms or hurricanes * The maximum 24-hour total was about 

15*2 centimeters , which occurred during August 196 A in association with Hur- 
ricane Cleo. 

Hail and Ice Storms 

Hail in association with a severe thunderstorm can be expected to occur in the 
area about once every 2 years . Damage from such hail is rare. Ice storms 
caused by freezing rain can be expected about once every 4 years and are 
usually of short duration (Du Pont, 1982b )♦ 

3.1*7.4 Atmospheric Dispersion 

Atmospheric Stability 

The transport and dispersion of airborne material are direct functions of air 
movement. Transport direction and speed are governed by the general patterns 
of airflow (and by the nature of the terrain) , whereas the diffusion of air- 
borne material is governed by small-scale, random eddying of the atmosphere 
(i.e. * turbulence) * Turbulence is indicated by atmospheric stability classi- 
fication. About 25 percent of the time, the atmosphere is unstable in the SRP 
regions; about 25 percent of the time it is neutral; and about 50 percent of 
the time it is stable. 

Mixing He i gh t s_ and Low-Leve 1 luver s ions 

The mixing height is the level of the atmosphere below which pollutants are 
easily mixed; it is often equal to the base of an elevated inversion. The 
depth of the mixed layer at the Plant has been measured by an acoustic sounder 
(Schubert, 1975) . The acoustic data indicate that, as the day progresses , the 
mixing height rises beyond the 1000-meter range of the sounder. 

An analysis of 5 years of upper-air meteorological data recorded at several 
stations in the SRP area (Holzworth, 1972) provides further mixing-height 
information. The average afternoon mixing height is about 1005 meters in the 
winter, 1700 meters in the spring, 1890 meters in the summer, and 1400 meters 
in the autumn. Mixing heights over the SRP site could be expected to be 
slightly lower. 

Temperature inversions (air temperature increases with the height above the 
ground) inhibit atmospheric turbulence; hence, they are associated with small 
rates of atmospheric diffusion. Detailed temperature-inversion data are 
available from instruments on the WJBF-TV tower* The 1974 temperature meas- 
urements between 3 and 335 meters were analyzed to determine the frequency of 
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occurrence of several categories of temperature structure (Pendergast, 1976). 
About 30 percent of the time, a temperature inversion extended to or beyond 
the 3-to-335-meter layer . About 12 percent of the time, there was an elevated 
inversion with an unstable layer below; this represents the early-morning 
breakup of a nighttime inversion. About 9 percent of the data showed an 
inversion at the lower levels with an unstable layer above; this represents 
the transition period between an unstable daytime regime and the onset of a 
nighttime inversion. 

Restrictive-Dilution Conditions 

Ttie dilution capacity ui mc dmiuapucLc uc^^nuo *jh j.w^«-^ "hu.*.va ^^w~«, ..^.. v 
direction variability* mixing depth, and the vertical temperature profile. 
From 1960 to 1970, the SRP area had about 50 forecast-days of high air- 
pollution potential, or an average of about 5 days per year (Holzworth, 
1972)* Air pollution episodes are most frequent in autumn, when large anti- 
cyclones, which are characterized by low wind speeds, clear weather, and 
large-scale temperature inversions, become nearly stationary off the Atlantic 
coast, affecting much of the Eastern United States. 

Air Oualitv 

" — -t ~" •* 

The States of South Carolina and Georgia have established air-quality-sampling 
networks . The Savannah River Plant operates an onsite sampling network. 
These networks monitor suspended particulates, sulfur dioxide, and nitrogen 
dioxide • Ambient concentrations of these pollutants near the Plant in 1984, 
were below local air-quality standards (Du Pont, 1985a) . 

Correlation of Predicted to Measured Qffsite Airborne Radionuclide Concentra- 
tions 

A statistical air-pollution model, XOQDOQ, uses joint-frequency data on wind 
speed, wind direction, and atmospheric-stability class to estimate average 
relative effluent concentrations, X/Qs, and average relative deposition values, 
D/Qs, at specified locations and at standard radial distances downwind. It is 
based on a modified Gaussian-plume equation that assumes uniform horizontal 
dispersion over each of 16 sectors and calculates vertical dispersion using 
curves fitted with polynomials (Sagendorf and Goll, 1977)* The mixing height 
is set to 1000 meters* 

Predictions of the model were compared with measurements in air of the inert 
radioactive gas, krypton-85, which is routinely emitted in small quantities 
from the SRP chemical-separations facilities. The model predictions were 
slightly higher than the measured values (Telegadas et al., 1980). 

3.1.8 RADIATION AND RADIONUCLIDES IN THE ENVIRONMENT 

3.1.8.1 Sources of Environmental Radiation 

Environmental radiation consists of natural background radiation from cosmic, 
terrestrial, and internal body sources; medical radiation; radiation from 
weapons test fallout; radiation from consumer and industrial products and air 
travel; and radiation from nuclear facilities. 
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Natural radiation contributes about 48 percent of the annual dose of 195 
millirem received by an average member of the population within 80 kilometers 
of the Savannah River Plant* Medical exposure accounts for 47 percent of the 
annual dose, and the combined doses from of f site weapons test fallout, con- 
sumer and industrial products, and air travel account for about 5 percent of 
the dose. Releases of radioactivity to the environment from the Plant account 
for less than 0.1 percent of the total annual dose (DOE, 1984b). 

External natural radiation comes from cosmic rays and the emissions from 
natural radioactive ores. It is highly variable with location and altitude. 
Internal natural radiation arises primarily from potassium-40, carbon-14, 
rubidium-87, and daughters of radium-226. The widespread distribution of fer- 
tilizers and food, as well as population mobility, has an averaging effect for 
these long-lived radionuclides that produce the internal dose. The estimated 
average internal radiation exposure in the United States from natural radio- 
activity is 28 millirem per year (BEIR III, 1980). 

Medical radiation is the largest source of exposure to manmade radiation in 
the United States, The average dose to an individual from medical and dental 
X-rays, prorated over the total population, was 78-4 millirem per year (BEIR 
III, 1980), (Prorating the dose over the population, as used here and in 
following parts of this section, is a means of arriving at an average dose 
that, when multiplied by the population size, produces an estimate of popula- 
tion exposure. It does not mean that every member of the population receives 
radiation exposure from these sources . ) In addition, radiopharmaceuticals 
administered to patients for diagnostic and therapeutic purposes account for 
an average annual dose of 13.6 millirem when prorated over the population. 
The occupational exposure of 0.45 millirem per year to medical and dental per- 
sonnel must be added to these patient doses. Thus, the average medical radi- 
ation dose in the U.S. population is about 92.5 millirem per year. 

Fallout from nuclear weapons tests is a small source of radioactivity in the 
environment. The large-scale atmospheric tests conducted by the United States 
and the Soviet Union in 1961 and 1962 introduced radioactive materials into 
the stratosphere that were later distributed worldwide. A small amount of 
radioactivity from these tests continues to be deposited. The more recent 
Chinese and French tests have maintained a relatively constant rate of fallout 
deposition. The past and present fallout contributes to human exposure 
through (1) external radiation from radioactive material on the earth's 
surface; (2) internal radiation from inhalation of airborne fallout; and (3) 
internal radiation from ingestion of food and water contaminated by fallout. 

Cesium-137 deposited from past nuclear weapons tests is the major source of 
long-lived external gamma radiation from fallout . Short-lived radionuclides 
also contributed significantly to external radiation for a few years after 
major tests but now contribute little to the dose. The current dose rate from 
external gamma radiation is estimated at 0.9 millirem per year (EPA, 1972). 

Most doses from inhalation of fallout are received in the years immediately 

Qj- i-ci. cApvauj- *_ . iiuwcvcj., uuticcs i.j_uiii & Li u 1 1 l x um— y\j elllU pxuLuuxuiii— ^^y will De 

received over a lifetime because of the long residence time of these radio- 
nuclides in the body. The annual dose from inhaled fallout radioactivity was 
estimated at only 0.04 millirem in 1969 (EPA, 1972) and is now even lower. 
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Ingestion of radioactivity in food and water is the largest source of radia- 
tion exposure from fallout. The estimated dose from this source of exposure 
in 1980 was 3. 7 millirem per year: 0*6 millirem from carbon-14, 0.4 millirem 
from cesium-137, and 2*7 millirem from strontium-90. 

The average annual total -body dose in 1980 from fallout from nuclear weapons 
tests was estimated at 4.6 millirem: * 9 from external gamma and 3 . 7 from 
ingested radioactivity. 

A variety of consumer and industrial products yield ionizing radiation or ra- 
dioactive materials causing radiation exposure to the general population* 
Some of these sources are television sets , luminous-dial watches * airport 
X-ray inspection systems, smoke detectors , tobacco products, fossil fuels, and 
building materials . The estimated total -body dose for the U.S. population 
from these sources is 4 to 5 millirem per year (BEIR III, 1980). About three- 
fourths of this dose is from external exposure to naturally occurring radio- 
nuclides in building materials. 

Fersons who travel by aircraft receive additional exposure from cosmic radia- 
tion; at high altitudes the atmosphere provides less shielding from this 
source. The average annual dose to an airline passenger is 2*8 millirem, 
which when prorated over the entire U*S± nonulation amounts to an average dose 
of 0.5 millirem per year (BEIR III, 1980). 

3*1*8.2 Environmental Radiation Levels in the Southeastern United States 

The contribution of cosmic radiation to natural background dose varies with 
both latitude and altitude and thus will be unique to a particular location. 
Sea-level doses range from 30 millirem per year in Florida to 45 millirem per 
year in Alaska; the exposure rate increases to 200 millirem per year at an 
altitude of about 2400 meters (EPA, 1977), The average unshielded cosmic ra- 
diation dose in Georgia and South Carolina is 40 millirem per year (EPA, 1972). 

Terrestrial gamma radiation (external to the human body) is attributed pri- 
marily to gamma-emitting radionuclides in the natural radioactive series 
derived from uranium and thorium, with some additional contribution from 
potassium-40. Variation in the distribution of these natural radioactive 
materials with geologic formations and their inclusion in construction mate- 
rials commonly used in urban areas lead to a wide variation with location* 
The average unshielded external dose from this source is 60 millirem per year 
in Georgia and i\j millirem in South Carolina. However, the variation in these 
states, including the SRP area, ranges from 6 to more than 350 millirem. 

Nuclear facilities in an area will also contribute to the environmental radia- 
tion level. The growth of the nuclear industry and nuclear facilities in the 
southeastern United States - from West Virginia to Florida and from Arkansas 
to South Carolina - has been rapid, most of it occurring in the 1970s. In 
this region, 24 power reactors were either operating or licensed to operate in 
1981 . Another 34 power reactors were under construction and 4 reactors were 
being planned. When all of these are operating . there will he 62 power 
reactors in the southeastern United States. Typically, the average radiation 
dose to individuals within 80 kilometers of a nuclear facility is quite low. 
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Data on releases from 46 nuclear powerplants operating in 1979 indicate that 
the average radiation dose within 80 kilometers of a plant was 0.025 millirem 
(NRC, 1982), 

An airborne radiological survey of the Savannah River coastal region was per- 
formed in 1975 to establish terrestrial dose equivalent rates (Hayes, 1977) . 
These rates varied from about 0.001 millirem per hour over water to 0.009 
millirem per hour at one location on Wassaw Island. In general, the higher 
rates occurred over beaches, where heavy minerals containing natural thorium 
and uranium occur* Excluding the water areas, the terrestrial rate averages 
about 0.003 millirem per hour in this area, which is comparable to other 
Coastal Plain rates of 0.002 to 0,003 millirem per hour and is about one-half 
^ ****.*. mtaouicu lul Luc cj-diiL, me a. v t: rage uuse equivalent, rare ror cne 
Savannah River marine area is about the same as that measured in Galveston, 
Texas, and Cape Canaveral, Florida, and somewhat less than that in the Los 
Angeles, California, area. One radiation anomaly defined in this survey was 
noted on Hutchinson Island, Florida, where dredge spoils have been deposited. 
The cesium-137 concentration of the post-1957 dredge soil sediment ranges from 
about 0.3 to 2.7 picocuries per gram. About half the cesium-137 in the post- 
1957 sediment can be attributed to fallout from weapons testing (Marter, 1974). 

3.1.8.3 Environmental Radiation Levels in the Vicinity of the Savannah 
River Plant 

A summary of the major sources of exposure for the population within 80 kilo- 
meters of the Plant and for the river-water-consuming population in Beaufort 
and Jasper Counties, South Carolina, and in Port Wentworth, Georgia, is pre- 
sented in Table 3-10. Many of the factors such as the internal radionuclide 
dose and the medical dose are independent of the site. The factors that are 
site-dependent are discussed below. 

The Savannah River Flant and the surrounding area lie between latitudes 33°N 
and 34°N, with an altitude variation between sea level and roughly 100 
meters. The estimated total unshielded dose equivalent from cosmic radiation 
in the vicinity of the Plant within an 80-kilometer radius is 35 millirem per 
year, of which 29 millirem per year are from the ionizing component and 6 
millirem per year are from neutrons (Langley and Marter, 1973). Shielding by 
buildings and the body reduces the cosmic radiation dose to about 32 millirem 
per year - a 10-percent reduction. 

Within 80 kilometers of the Plant . measured external gamma dose rates ran°e 
from 6 millirem to 385 millirem per year (Dukes, 1984), A value of 55 
millirem per year represents the average unshielded external terrestrial 
background In the vicinity of the Plant* Shielding by buildings and the body 
reduces this terrestrial radiation dose to about 33 millirem per year - a 
40-percent reduction* 

Atmospheric testing caused 25,600,000 curies of cesium-137 to be deposited on 
the earth's surface (United Nations, 1977)* About 104 millicuries of cesium- 
137 per square kilometer were deposited in the latitude band 30°N to 40°N, 
where South Carolina is located. The total deposition was 2850 curies in the 
27,400 square kilometers of the Savannah River watershed and 80 curies of 
cesium-137 in the 780 square kilometers of the Plant. The deposited cesium- 
137 became attached to soil particles and has undergone only slow transport 
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Table 3-10. Major Sources of Radiation Exposure in the Vicinity 

of the Savannah River Plant 



Source of exposure 



i 

Natural background radiation 
Cosmic radiation 
External terrestrial gamma 
Internal 

Total 



Dose to average 
individual 
(mrem/yr) 



32.0 
33,0 
28. 0_ 

93.0 



Percent of 
exposure 



47.6 



TC 



Medical radiation 

Diagnostic X-rays 

Radiopharmaceuticals 
Medical and dental personnel 

Total 
Weapons test fallout 



UUiiauiuc J. auu j-i.ii j u.o LLJ.UJ. t ^ J .w»j.".'-^i-« 



Air travel 

Nuclear facilities (other than SRP ) 

Savannah River Plant environmental 
radioactivity (1980) 

Grand total 



78.4 

13.6 

0,5 

92.5 

4.6 

4,5 

0,5 

0.1 

0.2 
195,4 



47,3 
2.4 
2.3 
0.3 

o.i 

o.i 



from the watershed. Results from routine SRP Health Protection Department 
monitoring programs indicate that since 1963 about 1 percent of the 2850 cu- 
ries of cesium-137 deposited on the total Savannah River watershed has been 
transported down the river (Hayes, 1983). 

Onsite monitoring conducted by the SRP Health Protection Department from 1976 
to 1982 shows that an average of 50 miiiicuries per square kilometer of 
cesium-137 were in the upper 5 centimeters of the soil column within an 80- 
kilometer radius (Du Pont, 1983a). This value is one-half the amount 
originally deposited from worldwide fallout and implies that some of the 
radiocesium has undergone hydrologic transport to the Savannah River. 

SRP monitoring in the Savannah -River shows that the concentration of radio- 
cesium in river water has been very low in the past several years. From 1979 
through 1982, the mean concentration of cesium-137 at the U.S. Highway 301 
briHpp w^.q n . Oft ni^rnn'ft not" lifpr anH wfl k npar thp limit of detection at the 
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control station upriver of the Plant (Du Pont, 1980b, 1981, 1982c, 1983a). 
For the second quarter of 1983, measurements of the radiocesium in the potable 
water at the North Augusta, Beaufort-Jasper, and Cherokee Hill water-treatment 
plants averaged 0.006 , 0.028, and 0.033 picocurie per liter, respectively, or 
less than 0.017 percent of the EPA drinking water standard of 200 picocuries 
per liter (Kantelo and Milhom, 1983). 

Turbulence in the Savannah River generally keeps fine soil particles in sus- 
pension. These particles are deposited where the river velocity and turbu- 
lence are low, such as inside river bends , downstream from obstructions, in 
oxbow lakes,, and on the floodplain, and where flocculation occurs in the 
estuary below .River Mile 40. Riverbed sediments upstream from the Plant nor- 
mally have about 1 picocurie per gram or less of radiocesium (Du Pont, 1982b). 

In 1974, riverbed sediments downstream of the Plant had concentrations of 
radiocesium of about 2 picocuries per gram near the U.S. Highway 301 bridge 

and 6-5 Dirnniri'pR npr err am ai~ th£> SnuHi Pflrnlinfl Hi phwav 1 1 Q ht--i H&o noar- 

Clyo, Georgia (Du Pont, 1982b). Studies performed in 1978 showed that the 
radiocesium concentrations were about 0.6 picocurie per gram at the control 
station above the Plant and less than 0.8 picocurie per gram at sampling 
stations between Little Hell Landing and the Highway 301 bridge (Du Pont, 
1982b). 

In 1983 the tritium concentrations in the potable water produced by the 
Beaufort-Jasper and Cherokee Hill water-treatment plants averaged 2100 and 
2800 picocuries per liter, respectively, or less than 14 percent of the EPA 
drinking water standard of 20 picocuries per milliliter; very low concentra- 
tions of cobalt-60 , strontium-89 and -90 , iodine-129, uranium, and plutonium- 
239 were also measured in the water produced by these plants (Du Pont, 1984). 

Whole-body bioaccumulation factors - the ratio of cesium-137 concentrations in 
fish and cesium-137 concentrations in water - for fish taken from the Savannah 
River at the U.S. Highway 301 bridge from 1965 to 1970 average about 2300. 
The mean bioaccumulation factor for 20 species of fish (527 specimens ) from 
Steel Creek was found to be 2019 whole-body and 3029 flesh (Smith et al., 

1000. Dn'KKIn <=mA Cm-; i-U IQQT^ 

The radiation dose to a hypothetical individual on the Plant boundary from 
1984 SRP atmospheric releases of radioactive materials was 2.4 millirem maxi- 
mum and 0.87 millirem average. The average dose from SRP atmospheric releases 
to persons living within 80 kilometers of the Plant was . 2 millirem per 
year. The maximum radiation doses to an individual downriver of the Plant who 
consumed Savannah River water were 0. 2 millirem (adult) at the Cherokee Hill 
water treatment plant at Port Wentworth, Georgia, (near Savannah) and . 18 
millirem (child) at the Beaufort- Jasper County water treatment plant near 
Beaufort, South Carolina (Du Pont, 1985a). 

The only other nuclear facility within 80 kilometers that has been operational 
during the operating history of the Savannah River Plant is a low-level -waste 
burial site operated by Chem-Nuclear Systems , Inc . , near the eastern boundary 
of the Plant. This facility, which started operation in 1971, releases essen- 
tially no radioactivity to the environment (Chem-Nuclear Systems , Inc . , 1980 ) , 
and the population dose from normal operations is negligible . Plant Vogtle ' s 
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unit 1 began commercial operations on June 1, 1987; therefore, background 
radiation levels will be evaluated as the data becomes available. 

The Plant has monitored onsite streams since the early 1950s, Water quality 
monitoring in onsite streams shows that radioactive releases prior to entry 
into the Savannah River are well within DOE concentration guidelines estab- 
lished for releases to uncontrolled areas (Ashley and Zeigler, 1981; Ashley, 
Zeigler, and Culp, 1982; Ashley et al., 1982; Du Pont, 1985b). 

Appendix D contains additional information on radiocesium and tritium in the 
SRP environment, 

3.2 PEN BRANCH AND INDIAN GRAVE BRANCH (K-REACTOR) 

3.2.1 GEOGRAPHY 

Pen Branch follows a path roughly parallel to Four Mile Creek until it enters 
the Savannah River swamp (Figure 3-2). The only significant tributary to Pen 
Branch is Indian Grave Branch, which flows into Pen Branch about 8 kilometers 
upstream from the swamp. Pen Branch enters the swamp about 5 kilometers from 
the river, flows directly toward the river for about 2*4 kilometers , and then 
turns and runs parallel to the river for about 8 kilometers before joining 
with Steel Creek about 0.8 kilometer from its mouth at the river. 

Pen Branch and Indian Grave Branch drain about 56 square kilometers of water- 
shed upstream from the swamp. Indian Grave Branch receives the cooling water 
from K-Reactor. Upstream from K-Area discharges, the flow of Indian Grave 
Branch averages about 0,03 cubic meter per second and that of Pen Branch 0.1 
to 0.3 cubic meter per second. 

3.2.2 HISTORIC AND ARCHAEOLOGICAL RESOURCES 

The most recent archaeological and historic resources survey of the Pen Branch 
watershed area, which includes Indian Grave Branch, was conducted from May 
through August 1984. Forty sites were located in the watershed during this 
survey (see Figure E-l in Appendix E). Of the sites found in the Pen Branch 
area, none is in an area that could be affected by the proposed cooling-tower 
alternatives for K-Reactor. 

3.2.3 HYDROLOGY 

Since November 1976, a USGS flow recorder has been maintained at SRP Road 
A-13.2 on Pen Branch. From 1976 to 1982, the flow at this station ranged from 
a minimum of 0.6 cubic meter per second when K-Reactor was not operating to a 
maximum of 26 .9 cubic meters per second during simultaneous K-Reactor opera- 
tion and heavy precipitation. During water year 1982, the mean flow rate at 
this station was 10.8 cubic meters per second. 

Before 1951, Pen Branch was a small , single-channel meandering creek flowing 
through a broad, heavily vegetated floodplain. K-Reactor effluent changed the 
creek to a wide, multichannel, braided stream system flowing within denuded 
floodplains (Ruby, Rinehart, and Reel, 1981). Severe erosion straightened, 
widened, and deepened sections of the stream channel immediately below the 
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reactor discharge point* Further downstream, multiple channels formed across 
the f loodplain to accommodate the increased flow and sediment load, A com- 
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vegetative loss around the creek. Deltas accreted at the stream mouth where a 
substantial volume of the eroded material was deposited. Deposition was ini- 
tially rapid, and then gradually tapered off as the drainage system increased 
in size* Present deposition rates are slow, and minor reco Ionization of 
thermally resistant vegetation has begun (Ruby, Rinehart, and Reel, 1981). 

Data collected under the recent intensive water quality study initiated in 
July 1983 suggest that input of large flows (11 cubic meters per second) of 
Savannah River water at high temperatures (40°-70°C) has the most pro- 
nounced effect on the water quality of Pen Branch* Concentrations of nutri- 
ents, cations, and metals in the thermal portion of Pen Branch reflect those 
of its source water, the Savannah River (Du Pont, 1985b). Table 3-11 provides 
a comparison of selected water-quality parameters from sampling points 
upstream and downstream of K-Reactor discharges. 

3.2.4 ECOLOGY 

3*2*4.1 Terrestrial Ecology 

Indian Grave Branch/Pen Branch have about 1730 acres of wetlands upstream of 
the swamp. Emergent marsh (115 acres) and open water (145 acres) are common 
below the K-Reactor discharge point. Some hardwoods exist on the outer pe- 
rimeter of the thermally affected areas (326 acres), but most occur in non- 
thermal tributaries (338 acres) or upstream of the K-Reactor discharge (724 
acres). K-Reactor cooling water releases have altered more than 38 percent 
(670 acres) of the Indian Grave Branch/Pen Branch forested wetlands (Du Pont, 
1985b) . The star-nosed mole, marsh rabbit , beaver, muskrat , rice rat, river 
otter, and mink are mammals commonly associated with wetland/f loodDlain habi- 
tats. Studies indicate that none of these mammals inhabit reactor effluent TE 
streams on the Savannah River Plant during periods of elevated water tempera- 
tures * Beaver and otter, however, have been found to reoccupy these streams 
within 24 hours of reactor shutdown (Du Pont, 1985b). 

The Savannah River Swamp System is used extensively by waterfowl, particularly 
during the fall and winter months when these areas provide foraging habitat 
for migratory species. Based on roost counts, 1200 wood ducks and mallards 
wintered (1983-1984) in the Steel Creek delta and associated areas. Waterfowl 
use of the swamp normally is associated with open areas with sparse vegetation TE 
caused by increased flows and heated effluent. Of the 12 waterfowl species, 
researchers have performed the most thorough studies of the foraging ecology 
of the wood duck, followed by that of the mallard. Most of the swamp (ther- 
mal, post-thermal, and nonthermal) was used by migrating wood ducks from Octo- 
ber through March* 



Approximately 22 species of amphibians and reptiles reside in the natural 
(i.e. , nonthermal) streams and swamps of the Savannah River Plant, All of 
these s n ecies have also been re n or ted in the ^ost— thermal areas of Steel o-r-aah- 
(Du Pont, 1985b)* 

No amphibians or reptiles are known to persist on a routine basis in areas of 
severe thermal alteration, although some species of frogs live in aquatic 
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Table 3-11. Pen Branch and Indian Grave Branch Water Quality: 

November 1983 to May 1984 a 



Parameter, 
mean 

concentration 

/ 7 1 'M 



Pen Branch 

upstream 

of K-Reactor 






D no A 

L.\.SJC1.KJ. 



R 



Temperature ( °C ) 12.4 

Dissolved oxygen 8.4 

pH (units) (range) 5,3-8.5 

Total suspended solids 10.5 

Chloride 2*3 

Phosphorus, total 0.029 

Nitrate-nitrogen 0.035 

Calcium, total 3*7 

Aluminum, total 0.57 

Sodium, total 1 .7 

Iron, total 0*54 



Indian Grave 

Branch 

downstream 



y^J_ il. J.*.»_tJ.V„«_w.m- 



57. 6 C 
5.7 
5,9-8.7 
11.7 
5.2 
0.078 
0,289 
3.0 
1,35 
5.3 
1.06 



a. 
b. 
c • 



Pen Branch 
downstream of 
K-Reactor at 



49. 8 C 
5.9 
5.6-8,1 
25.1 
5.1 
0.083 
0.266 
2-8 
1.58 
5.5 
1.22 



Adapted from Du Pont, 1985b. 

Except as noted* 

During reactor operations; other tabulated values represent measurements 

made during reactor operations and during periods of reactor shutdown. 
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habitats that experience elevated temperatures, and some have deposited eggs 
in aquatic sites where extreme temperatures occurred * Frogs and toads exhibit 
life history changes under elevated thermal conditions, particularly as tad- 
poles, by developing and metamorphosing more rapidly and at smaller sizes than 
larvae developing under normal temperature conditions (Du Pont, 1985b). 



The slider is the most prevalent turtle on the Plant. This species apparently 
thrives in areas of moderatel v elevated water ternneraturesi here they have 
faster growth rates and attain larger body sizes than turtles from local 
natural habitats. These changes can be attributed to improved diet quality, a 
longer growing season, and more rapid ingestion rates (Du Pont, 1985b). 

A few other reptile species , primarily water snakes and turtles, might also 
occur in thermally affected areas, but not in numbers characteristic of 
ambient-temperature streams in the region (Du Pont, 1985b). 

3.2.4.2 Aquatic Ecology 

Aquatic Flora 

The substrate from the upper reaches of Pen Branch is primarily sand and silt, 
with interspersions of leaf packs , woody debris , macrophytes and algae, and 
isolated gravel beds (Du Pont, 1985b). Blue-green algal mats similar to those 
in Four Mile Creek cover the substrate. Riparian vegetation includes sedges, 
grasses, wax myrtle, and buttonbush, while duckweed is abundant in the many 
side pools and channels. 
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The delta region of Pen Branch is characterized by an open and closed canopy 
of living and dead bald cypress and tupelo. Many channels braid through the 
area in a shallow sheet flow. Dominant vegetation consists of smartweed, 
arrowhead, creeping burhead, water primrose, sedges, and duckweed. Closed 
canopy areas at the delta support fewer emergent plants. 

Aquatic Fauna 

Between November 1983 and May 1984, studies for the Comprehensive Cooling- 
Water Study sampled macroinvertebrates from one station in the main Pen Branch 
channel and two stations in the Pen Branch delta (Du Pont, 1985b; Appendix C). 
The main channel of Pen Branch is dominated by (in decreasing abundance) 
segmented worms (Oligochaeta) , midges (Diptera), roundworms (Nematoda), and 
snails (Gastropoda). Also present were mayflies (Ephemeroptera), caddisf lies 
(Tricoptera), beetles (Coieoptera) , scuds (Amphipoda), and mites (Hydracarina) . 

Nearly twice as many taxa occurred in the delta area than in the main 
channel. In the delta, sites with a closed canopy exhibited a higher average 
density (Du Pont, 1985b; Appendix C). Species composition was very similar to 
that of the main Pen Branch channel (i.e., midges, segmented worms, 
roundworms, and mayflies dominate). 

The dominant adult fish in the nonthermal upper reaches of Pen Branch are sun- 
fish, bullheads, and chubsuckers. Most of these species are benthic in hab- 
itat or are found near ins t ream woody structures. Fish species generally 
associated with fast-flowing waters (i.e., darters) are absent. The thermal 
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Ichthyoplankton abundance in Pen Branch is very low, ranging from zero to 
greater than 50 per 1000 cubic meters (Du Pont, 1985b; Appendix C), Among the 
ichthyoplankton, the dominant species was the mosquitof ish, which is more 
tolerant of high temperatures* The few ichthyoplankters present probably 
drifted into the main channel from adjacent cooler refuge areas. The area 
above the reactor discharge is populated by minnows and darters in very low 
abundance. 

3.2.5 RADIOACTIVITY RELEASES AND RADIOLOGICAL TRANSPORT 

Approximately 16,2 curies of cesium-137 (decay corrected to 1980) have been 
released to Pen Branch from the K-Reactor area (Lower and Hayes, 1984), where 
the creek (Indian Grave Branch) receives a cooling water discharge of about 
11.3 cubic meters per second. Sediment samples 8 centimeters in depth 
obtained from the Pen Branch delta-swamp system below Road A-13.2 typically 
exhibit cesium-137 concentration less than 1.5 pico curies per gram (Du Pont, 
1985b). Table 3-12 lists radionuclide concentrations in water and aerial 
radio j-Ogicaj. survey results lot Pen Branch and Indian Grave Branch, After 
receipt of cesium-137 from both Pen Branch and Steel Creek (DOE, 1984b), the 
sediments at the mouth of Steel Creek exhibit average concentrations of 16 . 7 
picocuries per gram. 

Approximately 357,600 curies of tritium were released to Pen Branch from the 
K-Reactor area through 1980. Approximately 41 percent of this tritium was 
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Table 3-12. Radionuclide Concentrations in Water and Sediment and Aerial Radiological 
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a 



b C 



Water (pCi/1) Sediment (pCi/gm) Aerial Survey ( R/hr) 



Location Cs-134, Cs-137 H-3 Cs-137 Cs-137 (min) Cs-137 (max) 



I 



Road A 1.63 34,700 (d) - 1.2 

Road A e 1-52 32,000 (d) NA f NA 



Delta 



(d) (d) 4.7 - 1-2 



Steel Creek-Pen 
Branch Mouth (d) (d) 16.7 (d) (d) 



i ^ , i rm i . 



a . Three-year-mean concentration unless otherwise noted. Sources: Ashiey and -ieiyier, iwi; 
Ashley et al . t 1982; Ashley, Zeigler, and Gulp, 1982, 

b. Five-year-mean concentration (1977-1981). Source: Lower, 1984, 

c. 1979 survey. Source: Boyns and Smith, 1982. 

d. No data available. 

e. 1984 data only. Source: Du Pont, 1985b. 

f . MA = Hot available. 



from the K-Area containment basin migration (Du Pont , 1985b ) * Released tri- 
tium, which remains soluble in Pen Branch and Indian Grave Branch , is released 
to the Savannah River via Steel Creek. Tritium concentrations and river flow 
are measured routinely at U.S. Highway 301. 

3.3 FOUR MILE CREEK (C-REACTOR) 

3.3.1 GEOGRAPHY 

Four Mile Creek follows a generally southwesterly path to the Savannah River 
for a distance of about 24 kilometers (Figure 3-2). In the Savannah River 
swamp along the river , part of the creek flow empties into Beaver Dam Creek. 
The remainder discharges through an opening in the levee between the swamp and 
the river, seeps through the levee into the river, or moves through the swamp 
and mixes with the flows from Steel Creek and Pen Branch (Du Pont, 1985b). 

Four Mile Creek and Beaver Dam Creek together drain about 90 square kilo- 
meters. Reactor cooling water from C-Area is discharged to Four Mile Creek, 
After the junction with the C-Reactor cooling water* the creek flows about 11 
kilometers before entering the Savannah River swamp (Du Pont, 1985b). 

3*3.2 HISTORIC AND ARCHAEOLOGICAL RESOURCES 

The most recent archaeological and historic resources survey of the Four Mil.e 
Creek watershed area was conducted from May through August 1984. A total of 
25 sites was located in the watershed during this survey (see Figure E-l in 
Appendix E). Only one site (38BR548) in the Four Mile Creek survey area could 
be affected by the proposed cooling- tower alternatives for C-Reactor. Site 
38BR548 is a small prehistoric lithic and ceramic scatter Located on a terrace 
edge adjacent to the bank of the northern branch of Four Mile Creek. No fur- 
ther work has been recommended for this site, because the potential yield of 
additional research information is negligible* 

3.3.3 HYDROLOGY 

The average flow upstream of any SRP discharge to Four Mile Creek is about 
0.015 cubic meter * per second, which is increased by SRP discharges and drain- 
age to about 0.6 cubic meter per second just upstream from the confluence with 
the C-Reactor discharges. After the junction with the C-Reactor cooling water 
discharge, the creek flows about 11 kilometers before entering the river swamp 
at flow rates exceeding 11 cubic meters per second during periods of C-Reactor 
operation (Lower, 1985) * 

Prior to 1951, Four Mile Creek was a small, single-channel , meandering creek 
flowing through broad, heavily vegetated f loodplains. C-Reactor discharges 
changed the creek to a wide, multichannel, braided stream system flowing with- 
in denuded f loodplains (Ruby, Rinehart , and Reel „ 1981 ) . Severe erosion 
straightened, widened, and deepened sections of the stream channel immediately 
below the reactor discharge point. Further downstream, multiple channels 
formed across the f loodplain to accommodate the increased flow and sediment 
load . A combination of thermal stress » flooding, and root disturbance caused 
extensive vegetative loss in a zone around the creek. Deltas accreted at the 
stream mouth, where much of the substantial volume of eroded material was 
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deposited. The initial rapid progression of deposition gradually tapered off 
as the drainage system increased in size* Present deposition rates are slow, 
and minor recolonization of thermally resistant vegetation has begun (Ruby, 
Rinehart, and Reel, 1981). 

Table 3-13 provides a comparison of temperature and dissolved oxygen data from 
sampling stations above and below C-Reactor discharges (Du Pont, 1985b). 

Table 3-13. Temperature ^and Dissolved Oxygen in Four Mile Creek a 



Mean Mean dissolved 

Location temperature (°C) oxygen (mg/1) 



Four Mile Creek 
upstream of C-Reactor 16*0 7*6 

Four Mile Creek 
downstream of C-Reactor 38.5 6,6 

at Road A 



a. Source: Adapted from Jacobsen et al., 1972; Du Pont, 1985b. 

In relation to upstream concentrations from the Four Mile Creek Road A- 7 site, 
concentrations of sulfates, aluminum , calcium, and sodium were slightly to 
significantly reduced at the mouth of Four Mile Creek (Table 3-14), Some 
buffering might have occurred in the onsite swamp for the Four Mile Creek flow 
prior to the river confluence; however, concentrations of chlorides and total 
iron were unchanged or were increased (Du Pont, 1985b). 

3*3.4 ECOLOGY 



The Four Mile Creek floodplain has approximately 1900 acres of wetlands, which 
are principally (72 percent) bottomland hardwoods* Downstream of the C-Reactor 
outfall , open water and emergent marsh near the stream have replaced the 
original hardwood community. Away from the thermally affected areas in the 
floodplain, hardwoods occupy 445 acres. Overall, approximately 60 percent 
(1147 acres) of the Four Mile Creek wetlands have been impacted by C-Reactor 
discharges (Du Pont, 1985b). 

Waterfowl use of Four Mile Creek is associated primarily with the delta area 
where Four Mile Creek empties into the Savannah River swamp. A census of 
this system and the stream deltas was taken by aerial surveys weekly from 
November 1 to April 1, from 1981 to 1983. In addition, ground counts were 
conducted between October and March, 1981 to 1984 (Du Pont, 1985b). 
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Table 3-14. Four Mile Creek Water Quality 



Parameter, Four Mile Creek Four Mile Creek 

mean upstream of C-Reactor downstream of C-Reactor 

concentration (mg/l) b at Road A- 7 at the mouth 



pH (units) (range) 5,0-7.6 5.7-7,9 

Chlorides 3*3 4,84 

Sulfates 5,94 5,45 

Aluminum 0.53 0.43 

Calcium 3.40 2,00 

Sodium 10.8 6.32 

Iron, total 0.29 0.33 

Mercury, total 0.001 0.002 

-« C ^ ^ „ . aj„«4-^.j C _„~ r\.. n ±- i nocu 
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b. Except as noted* 

No self-sustaining reproducing populations of the American alligator have been 

observed in Four Mile Creek or its delta (Du Pont , 1985b ) * Wood storks were 

observed feedings in the Four Mile Creek swamp area in 1984 but not in 1983 
(Coulter, 1986). 

3,3.4.2 Aquatic Ecology 

Aquatic Flora 

Four Mile Creek is a relatively deep (0*3- to 1-5 -meter) , fast -flowing (about 
140 centimeters per second) stream above its confluence with the Savannah 
River swamp* In this area the flora is sparse, reflecting the influence of 
high flow and elevated (greater than 40°C ) water temperatures . The sub- 
strate is primarily sand, organic matter, silt , and clay* In backwaters and 
shallow areas, particularly on clay outcrops, thick mats of bluegreen algae 
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Further downstream toward the swamp, the stream is braided over a marsh-like 
area where a few standing dead bald cypress remain. In this area, defined and 
deeper channels are relatively free of vegetation, but there are thick growths 
of sedges on the banks. Thick mats of blue-green algae cover the shallower 
areas. Deeper substrates (mainly sand) are void of vegetation (Du Pont, 
1985b). 

Aquatic Fauna 

Studies conducted for the Comprehensive Cooling-Water Study sampled macro- 
invertebrates from the lower and middle reaches of Four Mile Creek between 
November 1983 and May 1984. In addition, samples were collected from the 
mouth of Four Mile Creek from September 1982 through August 1983 (Du Pont , 
1985b; Appendix C). 

Four Mile Creek had the fewest taxa (16 to 29) and nearly the lowest density 
considering all sampling methods (natural and artificial substrates) of all 
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Savannah River Plant; however, the most intensive study (the Comprehensive 
Cooling-Water Study) of the fish community of the SRP streams and the Savannah 
River began in 1983 (Du Pont, 1985b) * Appendix C summarizes the results of 
this investigation and presents additional pertinent data* 

Creek flows and reactor effluent discharge temperatures influence the relative 
abundance, species composition, and seasonal occurrence of adult fish in Four 
Mile Creek* Adult fish are most abundant in the mouth of the creek during the 
winter (December through February) ? when C-Reactor is operating. Fish avoid 
this region during periods of excessively high water temperatures (greater 
than 40°C), which usually occur from May to October. 

Upper Four Mile Creek was sampled between Road A and the swamp during a 50-day 
reactor snutauwii m tjariy 1^04. nusquiLui isli ^ccuum-tru lul uluj-c mdn y / pci. - 
cent of the fish collected at the three sites ; other species collected 
included bowf in, sunf ish, mudminnows , shiner, and pickerel * A more diverse 
assemblage of fish was collected from the lower Four Mile Creek station 
between the delta and the Savannah River. Gizzard shad (42 percent) and 
largemouth bass ( 14 percent ) dominated the catch ; mosquitof ish comprised only 
2 percent. The low abundance and low species diversity at both stations is 
related to the extremely low habitat diversity in Four Mile Creek. 

TH*=i rnmnyohonc t ir<a f 1 /^^! -i-n<r Wat-oy Qhn/4tr f Tli i Pnnh 1 QftSh ^ inri nH^H a camnl in? 

program to characterize the adult fish community of SRP streams for fish 
spawning. Researchers collected ichthyop lank ton samples weekly at six loca- 
tions in Four Mile Creek; they collected 203 ichthyoplankters between March 14 
and June 3, 1984* The dominant taxa were sunf ish or bass (32 percent) and the 
brook s livers ide (14 percent) . Other taxa present were shad, crappie , yellow 
perch, darters, minnows* and carp (Appendix C), Because C-Reactor was not 
operating during most of March 1984* mean temperatures were only 5° to 
10°C above Savannah River temperatures . During this time , ichthyoplankton 

were absent from the middle and uooer reaches of the creek, but were found in 

*■ 1. 

low densities in the creek mouth and swamp. During C-Reactor operation, creek 
temperatures ranged from 30° to 50° C; as expected, few ichthyop lank ters 
were present * Brook silvers ides and other unidentifiable eggs and larvae 
collected during C-Reactor operations from the middle and upper reaches might 
nave drifted into the channel from adjacent refuge areas (Appendix C). 

Ichthyoplankton abundance in Four Mile Creek and the associated swamp appear 
to be strongly influenced by water levels in the Savannah River (Du Pont, 
1985b; Appendix C). High river flows probably transport ichthyoplankton into 
thermally impacted portions of the swamp from adjacent unimpacted areas * In 
addition, some fish might use thermally impacted areas for spawning during 
high river flows because flow patterns for the heated water are altered dra- 
matically during such periods. 
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3*3.5 RADIOACTIVITY RELEASES AND RADIONUCLIDE TRANSPORT 

Approximately 53*4 curies of cesium-137 (decay corrected to 1980) have been 
released to Four Mile Creek. Of this total, about 31.5 curies were released 
to the creek from the F- and H-Areas, where the stream flow averages less than 
0.5 cubic meter per second (Lower, 1984; Lower and Hayes, 1984). The remain- 
der (21 .9 curies ) was released from the C-Reactor area, where the cooling 
water discharge to the creek is about 11 cubic meters per second* Creek 
sediments at SRP Road A-7 (above the confluence of Four Mile Creek and the 
C-Reactor cooling water discharge) exhibit average cesium-137 concentrations 
of 37 .5 picocuries per gram, some four times the average concentration in the 
delta area. Table 3-15 lists radionuclide concentrations in water, sediments , 
and aerial survey results for Four Mile Creek. 

Released tritium remains soluble in Four Mile Creek. Tritium concentrations 
and river flow are measured routinely at U.S. Highway 301* Comparisons of the 
amount of tritium released from SRP facilities with the amount of tritium 
measured in trans n or t in the Savannah River have continued to show excellent 
agreement (about 97 percent in 1983) (Lower and Hayes, 1984). 

Approximately 388,600 curies of tritium were released to Four Mile Creek 
through 1980. Of this total, about 139,200 curies were released to the creek 
from the F- and H-Areas * The remainder (249 ,400 curies ) were released from 
the C-Reactor area (Du Pont, 1985b). Approximately 99 percent of the F- and 
H-Area tritium was from seepage-basin migration. 

3.4 BEAVER DAM CREEK ( D-AREA COAL-FIRED POWERHOUSE) 

3-4.1 GEOGRAPHY 

Beaver Dam Creek is located 1.6 to 3.2 kilometers west of Four Mile Creek; it 
flows in a southwesterly direction from the 400-D Area through the Savannah 
River swamp to the Savannah River (Figure 3™2) . Beaver Dam Creek is the 
receiving stream for the cooling water effluent from the coal -fired power- 
house in the D-Area. 

Since June 1974, a flow recorder located 1 .6 kilometers downstream from D-Area 
in Beaver Dam Creek has recorded an average discharge of about 2.4 cubic 
meters per second during D-Area operation. 

3.4.2 HISTORIC AND ARCHAEOLOGICAL RESOURCES 

Intensive archaeological and historic resources surveys of the Beaver Dam 
Creek floodplain area and the area west of the creek in D-Area were conducted 
during October and November of 1985, Only one site, 38BR450, was located in 
the watershed during these surveys (see Figure E-l in Appendix E) . Site ai-i 
38BR450 is considered a significant archaeological resource and has been AT-2 
recommended for eligibility for nomination to the National Register of AZ-1 
Historic Places . 
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Table 3-15* Radionuclide Concentration?, in Water and Sediment and Aerial Radiological 
Survey Results for Four Mile Creek (C-Reactor) 



Water (pCi/1) 



CO 
I 

00 



Locati on 



Opposite F- 
and H-Areas 

Road A-7 f 

Below F-Area 
to Road 3 

Road A 

Road A f 

Delta 



Cs-134, Cs-137 



H-3 



Sediment (pCi/gm) 



Cs-137 



800,000 



18.0 



i /in 



2.05 



-in cnftd 



61,000 






8.6 



Aerial Survey ( R/hr) 



Cs-137 (min) Cs-137 (max) 



1.2 
NA 

K2 

NA 9 
1.2 



38.1 
NA 

19.0 

1 9 
■ • i_ 

NA 
4.8 



d 
e 
f 

9 



Three-year-mean concentration unless otherwise noted. Sources: Ashley and Zeigler, 1981 ; 

Ashley et al . , 1982; Ashley, Zeigler, and Culp, 1982. 

Five-year-mean concentration (3977-198?). Source: Lower, 1984. 

1979 Surve^ . Source: Bo^ns and Sfni th -, 198? - 

\980 and 1981 data only. 

No data avai lable. 

1984 data only. Source; Ou Pont, 1985b. 

NA = Not available. 



3-4.3 HYDROLOGY 

Since placement of the heavy-water plant on standby status in 1982, the only 
direct thermal input to Beaver Dam Creek has been that resulting from the 
powerhouse operations. Thermal effluent also enters the lower portion of 
Beaver Dam Creek via Four Mile Creek, which receives C~Reactor discharges. 
The water from Beaver Dam Creek mixes with part of the flow from Four Mile 
Creek in the onsite swamp before it is discharged to the Savannah River 
through the mouth of Beaver Dam Creek (Jacobsen et al., 1972), Data from the 
water quality station at the mouth of Beaver Dam Creek thus reflects inputs 
from both streams (Du Pont, 1985b) . At this station, the flow inputs from 
Beaver Dam Creek and Four Mile Creek are approximately equal (Du Pont, 1982b). 

The water quality station located in Beaver Dam Creek upstream from the onsite 
swamp is the only station monitored routinely in a thermally impacted zone. 
From 1973 to 1982, Beaver Dam Creek received heated effluents from both the 
powerhouse and the heavy-water production facilities* Since June 1974, flows 
in the creek have ranged from about 1,2 to 5.6 cubic meters per second 
(Du Pont, 1985b)* With the exception of temperature criteria, all other water 
classification requirements for Class B streams (see Section 3.1-5,1.2) were 
met at this station. Water quality data for selected parameters are provided 
in Table 3-16. 

3.4.4 ECOLOGY 

3.4,4.1 Terrestrial Ecology 

Before the Savannah River Plant began operations, Beaver Dam Creek was prob- 
ably an intermittent stream. During the construction of facilities in D-Area, 
a canal was built to carry cooling water to the creek, which discharges after 
1700 meters to the Savannah River swamp. A narrow band of bottomland hardwood 
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fall to the swamp (Du Pont, 1985b). 

Current D-Area powerhouse thermal discharges , combined with the slow-flowing 
backwaters along the creek, have provided habitat for a dense population of 
alligators . A minimum of 28 alligators representing multiple size classes 
(equivalent to age classes) longer than 1 meter inhabit this stream (based on 
aerial surveys from December 1983 to March 1984), Subsequent ground surveys 
in April and May 1984 resulted in the capture of 11 alligators representing 
age classes of 1-, 2-, and 3-year-olds. With the exception of one 3-year-old, 
the other 10 alligators were probably not large enough to have been observed 
during the aerial surveys . The backwater areas along the creek provide excel- 
lent breeding and nesting habitat; they probably support a self-sustaining 
alligator population, because both adult and juvenile sizes have been observed 
(Du Pont, 1985b) ♦ 

In 1983 between 306 and 363 wood storks were observed onsite from June 21 to 
September 29 (Smith et al*, 1983; Coulter, 1986). There were a total of 15 
group sightings during 35 observation days, with 80 percent of the sightings 
occurring on weaver Dam Creek w sitings,/ and Steel Creek ^5 sitings) 
(Coulter, 1986). The 12 sightings that were made on the two creeks accounted 
for more than 90 percent of the total members of wood storks observed on the 
site (Coulter, 1986). 
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Table 3-16. Beaver Dam Creek Water Quality Downstream of All 

400-D Area Effluents (November 1983-May 1984) a 



Mean concentration 
Parameters (mg/l b ) 



Temperature (*C) 21,9 

Dissolved oxygen 7-5 

pH (units) (range) 6.4-7.6 

Chlorides 5 ,8 

Nitrate + nitrite (as N) 0.24 

Iron, total 1*16 

Total alkalinity (as CaC0 3 ) 13.2 

Phosphorus, total 0.078 

Calcium, total ^ 3.0 

Aluminum, total 1*51 

Sodium, total 5*6 

Suspended solids 46.4 






b ♦ Except as noted . 

In 1984, more than 370 wood storks were observed on the Plant from May 20 to 
November 16. There were a total of 59 group sightings during 89 observation 
days, with more than 54 percent of the sightings occurring on Beaver Dam Creek 
and Steel Creek (Coulter, 1986)* Use of Four Mile Creek was documented in 
1984 for the first time and accounted for 22 percent of the group sightings 
(Coulter, 1986). The 32 sightings that were made on Beaver Dam Creek (19 
sitings) and Steel Creek (13 sitings) accounted for 54 percent of the total 
number of wood storks observed on the Plant (Coulter, 1986). 

Apparently wood storks were more widely dispersed over the site in 1984 than 
1983. However, some of the variability may be explained by an increased 
effectiveness of observers in locating birds, a more intensive survey, and a 
survey of longer duration. 

Estimates of prey density and biomass from the 1984 and 1983 Steel Creek sites 
were highly variable. Generally, however, there was a higher density and bio- 
mass of prey in 1984, No prey density or biomass data were collected on 
Beaver Dam Creek (Coulter, 1986). 

3.4.4.2 Aquatic Ecology 

Aquatic Flora 

Immediately below the discharge structure, Beaver Dam Creek is characterized 

hu a H^<=n ^Via-nnd ( ~[ t-f-K O R mohor-c \ anH a cnhci-ral-D nf fihif hin? .QATlH. flv ash. 

organic deposits, and occasional clay outcrops (Du Pont , 1985b) . Riparian 
vegetation is dominated by wax myrtle and tag alder. The aquatic flora are 
sparse, reflecting the influence of high flow and elevated water temperatures. 
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Aquatic Fauna 

vertebrates from the middle reaches of Beaver Dam Creek between November 1983 
and May 1984. In addition, samples were collected from the mouth of Beaver 
Dam Creek from September 1982 through August 1983 (Du Pont, 1985b; Appendix C). 

More species were collected in Beaver Dam Creek than in the other thermally 
influenced streams (i.e., Four Mile Creek and Pen Branch). Dominant macroin- 
vertebrate species were segmented worms (Oligochaeta) , roundworms (Nematoda) , 
midges (Diptera) , stonef lies (PIecoptera) t> and snails (Gastropoda). Also 
found in lesser abundance were mites (Hydracarina) , scuds (Amphipoda), dragon- 
flies (Odonata), and caddisflies (Tricoptera). 

The dominant species of adult fish in Beaver Dam Creek are mosquitof ish, sun- 
fish, and gizzard shad (Bennett and McFarlane, 1983; Du Pont, 1985b). Rela- 
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swamp where greater habitat diversity occurs and temperatures are somewhat 
moderated (Du Pont, 1985b). 

Ichthyoplankton in Beaver Dam Creek reflected the adult composition* with sun- 
fish or bass, being .dominant. Although- thermally influenced* Beaver Dam Creek 
exhibited greater density and species diversity than the other thermal streams 
(i.e., Four Mile Creek and Pen Branch), but it. did not produce the density 
expected considering' the lower level of thermal loading (Du Pont* 1985b; 
Appendix C). 

3. A, 5 RADIOACTIVITY RELEASES AND RADIONUCLIDE TRANSPORT 

Approximately 0.004 curie of cesium-137 (decay corrected to 1980) has been 
released to Beaver Dam Creek from D— Area (Lower and Ha^es 1984^. Data on 
cesium-137 concentrations are not available for Beaver Dam Creek. However, 
based on the release data, such concentrations are considered to be negligible. 

Released tritium remains soluble in Beaver Dam Creek* Approximately 124,100. 
curies of tritium were released to Beaver Dam Creek from D-Area through 1980 
(Du Pont, 1985b). 
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CHAPTER 4 



ENVIRONMENTAL CONSEQUENCES 



This chapter discusses the potential environmental consequences of the 
construction and operation of the cooling water alternatives for K- and 
C-Reactors [once- through cooling towers (preferred) » recirculating cooling 
towers, and no action] and the D-Area powerhouse [increased flow with mixing 
(preferred), direct discharge to the Savannah River, and no action]. 
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This chapter also discusses the cumulative impacts of the construction and 
operation of these cooling water alternatives in relation to other Savannah 
River Plant (SRP) facilities and to major facilities near the Plant, and 
unavoidable and irreversible impacts of these alternatives. 



Sections of this chapter have been expanded to include new data and analyses 
resulting from the Comprehensive Cooling Water Study (Du Pont, 1985b, 1987) 
and additional studies conducted in response to public and agency comments on 
the draft environmental impact statement (EIS). A major change to this 
chapter is the inclusion of predictive Section 316(a)-type biological data; 
these data enable a detailed evaluation of the potential impacts of the pro- 
posed cooling water alternative systems on the major biological components of 
the stream ecosystems in relation to the South Carolina water classification 
standards. 
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4.1 ALTERNATIVES FOR K-REACTOR 

4.1,1 ONCE-THROUGH COOLING TOWER 

As discussed in Section 2.2.1.1, the U.S. Department of Energy (DOE) performed TE 
design evaluations and studies to optimize system performance and achieve cost 
savings in the construction and operation of once- through cooling towers 
without introducing major changes in the nature or magnitude of environmental 
impacts. The following description of the potential environmental conse- 
quences of constructing and operating a once- through cooling tower for 
K-Reactor includes a discussion of the major system features that were studied TC 
and evaluated. 

4.1.1.1 Construction Impacts 



The following sections describe the environmental impacts expected to occur 
with the construction of a once- through, gravity-feed, natural -draft cooling 
tower for K-Reactor. 
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Socioeconomics 

The construction of a once- through cooling tower for K-Reactor would be 
accomplished in approximately 36 months, after a 9-month lead design period. 
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C-Areas. Two groups of workers would be involved in constructing both 
towers. The first group, which would include the architect and building crew, 
would initially number about 60; this would increase to about 100 when work on 
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the second cooling tower began because construction of the first tower would 
be continuing* The second group of workers, which would perform related 
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would involve an estimated peak workforce of 330 workers- These two groups 
would peak at different times during the construction of the towers. The 
maximum total construction workforce during these combined activities would 
not exceed 400; therefore, the estimated peak construction workforce for 
K-Reactor alone is 200 persons. 

For planning purposes, average annual construction workforce estimates have 
been prepared for the next several years for the SRP and for Georgia Power 
company's Vostle Electric Generating Plant (Plant Vogtle), which is in nearby 
Burke "county", Georgia. Table 4-1 lists the projected total levels at both 
plants from 1987 through 1989* The SRP estimates include the number of 
workers required to build the cooling towers. 



Table 4-1- Projected Total Construction Workforces at 

Savannah River Flant and Plant Vogtle 9 



Workforce 



Location 



FY 1987 



FY 1988 



FY 1989 
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Savannah River Plant 



Vogtle Nuclear Power Plant 



5700 



3575 



6600 
30 



4500 




a. Sources: Du Pont, 1985a; Castrichini, 1985. 

b. The size of the SRP construction workforce is subject to 
change, contingent on changes in DOE authorized programs. 
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Historic and Archaeological Resources 

The most recent archaeological and historic resources survey of the Pen Branch 
watershed area, including Indian Grave Branch, was conducted from May through 
August 1984, as described in Appendix E. The survey study area encompassed 
the areas that would be disturbed by facilities associated with a once-through 
cooling tower for K-Reactor. The survey located 40 sites in the watershed 
(see Figure E-2 in Appendix E). None of the sites is in an area that would be 
affected by the construction of once-through cooling-tower system. 



Water Quality 






The principal impact to water quality in Pen Branch during construction o*. 
once- through cooling- tower system would be temporary increases in suspended 
solids due to runoff and erosion* Temporary measures such as berms, drainage 
ditches, drains, sedimentation basins, grassing, and mulching would control 
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runoff until permanent drainage and erosion control facilities could be 
completed. Turbidity screens would prevent downstream movement of suspended 
material where construction activities occur near Four Mile Creek* 

Ecology 

For a once-through cooling tower with gravity feed, approximately 25 acres of 
uplands and bottomland hardwoods would be disturbed by the construction, 
including 19 acres for the gravity flow canals, 2 acres for the cooling tower, 
and the remaining acreage for the relocation of various other facilities and 
construction of service roads and parking areas. The effluent canal from the 
cooling tower to Indian Grave Branch would require the removal of about 0-5 
acre of bottomland hardwoods consisting mainly of sweet gum-nuttall oak-willow 
community. 

Construction activities could temporarily affect certain wildlife species , 
such as birds and turtles at the construction site. Most of the wildlife 
would leave the immediate area of construction when activities increase; 
however, some should return when construction is complete . The clearing of 
areas for construction would result in the loss of some small mammals, such as 
shrews and mice; however, significant adverse impacts to the populations are 
unlikely. When construction has been completed, areas that are no longer 
needed would be replanted with appropriate grasses , shrubs , or trees and thus 
made available for use by wildlife. 

The expected impacts from sediment loading on fish and macro invertebrates 
caused by construction would be minimal because the upper reaches of Pen 
Branch near the proposed construction are sparsely inhabited at present due to 
high temperature conditions (Appendix C)* 

Radiological Releases 

During the construction of the once- through cooling tower, there would be no 
changes in the atmospheric and liquid releases of radionuclides* Reactor 
operation and the flow rate in Indian Grave Branch and Pen Branch would remain 
the same. There would be no changes in reactor releases or remobilization of 
radionuclides from the creek bed and, consequently, radiation doses to the 
off site population would not change* 

Because the proposed location for the cooling tower is on the SRP, TC 
construction personnel for the tower would experience levels of radiation 
slightly elevated above background, resulting from the operation of Plant 
facilities* From measurements made at the construction site of the Defense TE 
Waste Processing Facility (DWPF; DOE, 1982), augmented by estimates made for 
that site, the annual dose increment to a construction worker who spends 2000 
hours (40 hours per week for 50 weeks per year) In the cooling-tower construc- 
tion area is approximately 20 mill i rem . This dose is below the standards of 
25 millirem per year from airborne releases and 100 millirem per year from all 
pathways established by DOE for uncontrolled areas* 

Other Construction Impacts 

The construction of the once-through cooling tower for K-Reactor would result 
in the emission of small quantities of carbon monoxide and hydrocarbons from 
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engine exhausts of construction equipment and truck traffic, and suspended 
particulates and dust from ground-surface disturbances* All applicable 
emissions standards would be met during construction. 

Construction of the once-through cooling tower would also cause temporary 
increases in noise levels in the immediate area from construction equipment 
such as earth-moving equipment and cranes; however, no noise from these 
activities is expected to be detectable offsite. 

Solid waste generated during construction (excluding clearing debris) would be 
placed in containers for disposal in an approved manner. Fueling and mainte- 
nance of construction equipment would be performed under controlled conditions 
t*" 1 minimize s n ills = 

4.1.1.2 Operational Impacts 

The following sections present the expected environmental impacts associated 
with the operation of a once-through cooling tower for K-Reactor. The 
discussion includes the environmental impacts attributable to the potential 
operation of a gravity-feed, natural-draft, cooling-tbwer system* 



Socioeconomics 

TE The number of workers associated with the operation of a once- through cooling 
tower at K-Reactor would not result in any socioeconomic impacts, because only 
four additional mechanics would be required. 
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Historic and Archaeological Resources 

Operation of the once-through cooling tower with gravity feed would cause no 
impacts to historic and archaeological resources. During the operation of the 
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tributary of Pen Branch. Expected flows in Indian Grave Branch and Pen Branch 
would be nearly the same as those at present, with little change in stream 
morphology. An archaeological and historic resources survey in the Pen Branch 
watershed area located no significant sites requiring impact mitigation. 

Water Quality and Hydrology 

The once- through cooling-tower alternative for K-Reactor would lower the 
temperature in Pen Branch and the Savannah River swamp. Temperatures, even 
under extreme 5-day average conditions , would comply with the State of South 
Carolina's Class B water classification standard of a maximum instream 
temperature of 32.2°C. However, during certain times of the year, the 
discharge would raise the stream temperature more than the 2.8°C maximum 
above ambient specified in the State of South Carolina's Class B water 
classification standards. 



The cooling tower would be designed and operated in a manner that would meet 
the maximum weekly average temperature (MWAT) criteria (EPA, 1977) to minimize 
BB~3 thermal shock of fish that could occur with a reactor outage (Muhibaier, 
1986). Because instream temperatures during winter and spring average 
conditions probably would be raised by more than 2.8°C above ambient due to 
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the operation of the coo ling- tower system, a Section 316(a) Demonstration 
study would be performed after operation begins ; the resul ts would be 
submitted to the South Carolina Department of Health and Environmental Control 
(SCDHEC) in accordance with amended Consent Order 84-4-W. The Section 316(a) 
study would determine whether effluent temperature conditions would ensure the 
protection and propagation of a balanced indigenous population of fish, 
shellfish, and wildlife in and on the waters affected by the discharge. 



BB-3 



The reduction of the temperature in Indian Grave Branch and Pen Branch would 
cause a corresponding increase in dissolved oxygen concentrations. Studies 
show that water temperature controls oxygen content in the thermal portions of 
SRP streams (Du Pont, 1985b, 1987). Under current operating conditions, dis- 
soxveu oxygen concentrations in Pen Branch are sometimes ueiov South Carolina 
Class B stream standards during the summer months* Lower water temperatures 
would produce higher dissolved oxygen concentrations during the summer months , 
which would result in compliance with water classification standards . The 
operation of a once-through cooling-tower system would also reduce both the 
suspended solids discharged to Pen Branch and sedimentation rates in the 
delta. There are two causes of these effects : First, the reduction of water 
temperatures would allow some vegetation to develop along the banks of the 
stream in areas where plants cannot now grow because of the heated discharge 
water, thereby stabilizing the stream banks and reducing erosion; and second, 
some of the suspended solids concentrations in the cooling water from the 
Savannah River would be reduced by settlement in the cooling-tower basin. 

Effluents discharged to Indian Grave Branch as the result of the 
implementation of this alternative would be chemically similar to those 
associated with the present once-through system* Chlorine biocide would be 
added to reactor cooling water to prevent biof ouling of the cooling- tower 
system and to control the growth of pathogenic organisms that could develop in 
the heated waters. Chlorine would be neutralized with a sodium sulfite 
addition prior to discharge to Indian Grave Branch, In bioassay testing 
conducted at the SRP using K-Reactor effluent (Appendix C; Wilde, 1987), 
residual chlorine concentrations expected to occur with chlorination of the 
cooling towers were found to be toxic to representative local fishes 
(largemouth bass and bluegill). However, after neutralization of residual 
chlorine with sodium sulfite, the effluent was no longer toxic to these 
species . The proposed neutralization scheme also was found to cause no 
significant reductions in dissolved oxygen concentrations or changes in pH 
(Appendix C; Wilde, ' 1987). There would be a small increase in the concen- 
tration of nonvolatile constituents due to evaporative losses of water from 
the cooling tower- However , discharges would meet all NPDES permit limits * 
When K-Reactor is not operating, the concentrations of chemical pollutants in 
Pen Branch would not change appreciably because of the absence of the cooling 
water discharge; the stream would meet State Class B water classification 
standards (see Section 3,2.3 and Du Pont, 1985b, 1987), 

The operation of a once-through cooling tower would result in only small 
changes to the water flows in Pen Branch and the swamp , compared to present 
conditions • The evaporation of cooling water from the once- through tower 
would reduce the discharge flow into the creek from its current level of about 
11,3 to about 10, 5 cubic meters per second ; this would produce no significant 
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change in the water flows in the waterways below the outfall. When K-Reactor 
is not operating, the flow in Indian Grave Branch and Pen Branch would be 
reduced significantly. 

The operation of the once-through cooling-tower system would produce no 
significant impacts on the subsurface hydrology in the area of K-Reactor. 
fresent grouimwa-Let ux&uLiciL^ca num uno watuncn aim ^-^" 
continue to discharge to Indian Grave Branch and Pen Branch. 
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Air Quality 

The operation of a once-through, natural-draft cooling tower at K-Reactor 
could result in the formation of ground-level fog, ice, elevated visible 
plumes, and total-solids (drift) deposition on the ground. As discussed in 
Appendix B, a computer model (Fisher, 1974) was used to predict the atmos- 
pheric effects of cooling-tower operation. Hourly meteorological data for the 
period January 1975 to October 1979 were used in the analyses; they were 
derived from the Savannah River Plant and from the National Weather Service 
(NWS) station at Bush Field in Augusta, Georgia, Wind and atmospheric 
stability data collected at 61 meters elevation from the K-Reactor tower and 
temperature data obtained from the NWS station at Bush Field were the primary 
sources of meteorological input. For those periods when wind data from the 
K-Reactor tower were unavailable, data from the other SRP meteorological 
monitoring stations (described in Section 3.2) were used. If SRP data were 
not available, wind and atmospheric stability data based on the Pasquill- 
Turner approach were used, based on data from the Bush Field NWS station. 

The effects of an evaporative-heat-dissipation system on the formation of fog 
and ice were determined by the quantity and location of added moisture and by 
the existing ambient air conditions. The significant factors in determining 
the increase of fogging and icing are the characteristics and quantity of the 
effluent air, the height of the effluent plume, and the downwind dispersion of 
the plume. The fogging calculations were based on the international defini- 
tion of fog (i.e., the reduction of visibility to less than or equal to 1 
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For the once- through natural-draft cooling tower with gravity feed, the 
calculated maximum annual mean frequency of reduced ground-level visibility to 
less than 1000 meters would be less than 2 hours per year for all directions 
from the K-Reactor cooling tower. 



The calculated maximum ice accumulation on horizontal surfaces due to the 
operation of a once- through natural -draft tower would be no more than 1 
millimeter. 
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The maximum occurrence of visible plumes aloft would be 180 hours per year in 
the immediate vicinity (0,4 kilometer) of the cooling tower. The plumes would 
be visible from SRP roads within 2 kilometers of the tower, for approximately 
50 hours per year. 
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Figure 4-1 shows the isopleths of annual total solids deposition due to the 
operation of the once-through natural-draft cooling tower with gravity feed 

for K-Reactor* 
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Figure 4-1. K-Reactor Once-Through Tower, Total Solids Deposition, Kilograms/ Acre- Year 
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The calculated maximum annual total-solids deposition (defined as the total 
amount of solid material deposited as dry particles and in droplet form) would 
be about 0*5 kilogram per acre per year within 2 kilometers of the tower in 
all directions . 
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Noise 

The operation of a once-through natural-draft cooling tower with gravity feed 
at K-Reactor would cause increases in noise levels- Cooling-tower noise would 
come from falling water. Beyond approximately 152 meters from the cooling 
tower, average sound levels would be below 70 decibels* [Continuous exposure 
to 70 decibels or less has been determined to cause no loss of hearing (EPA, 
1974) . ] At the nearest off site area, noise from K-Area activities would not 
be detectable- 



Ecology 
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Vegetation and Wetlands 

Vegetation near the cooling tower would be subject to salt deposition 
attributable to drift from the tower* Coo ling- tower drift can cause 
vegetation stress either directly by deposition of salts on the foliage or 
indirectly from excess accumulations of salts in the soil. Salt stress in 
plants, which can occur via various mechanisms , includes (1) increased osmotic 
potential of the soil solution affecting the availability of soil moisture to 
the plant; (2) alteration of the mineral nutrition balance in the salt 
tissues; and (3) toxic effects due to specific ion concentrations in the 
plants (Bernstein, 1975; Hanes, Zelazny, and Blaser, 1970; Allison, 1964; 
Levitt, 1980). 

Tolerances and susceptibility to salt deposition are highly variable, 
depending on the plant species and on other conditions in the environment. 
Vegetative studies indicated that thresholds for development of visible salt 
stress symptoms on the most sensitive species were approximately 83 kilograms 
per acre per year of sodium chloride salt (INTERA, 1980). Studies indicate 
that at sodium chloride deposition rates of about 41 kilograms per acre per 
year, agricultural productivity can be reduced (Mulchi and Armbruster, 1981). 
Because private agriculture is not permitted on the SRP, vegetative stress, if 
any. from cooling- tower drift would be limited to the natural plant 
communities in the vicinity of the towers* 

The composition of the drift is equivalent to that of the circulating water. 
Table 3-3 indicates the concentration of substances in the circulating water 
for the once-through cooling tower. The substance of particular interest with 
regard to its potential for damage is the chloride ion. The other constit- 
uents listed in Table 3-3 either are at concentrations low enough to be 
negligible or are potentially beneficial. 

The operation of a once-through natural-draft cooling tower with gravity feed 
would result in an estimated total solids deposition of about 0.5 kilogram per 
acre per year within 2 kilometers. The sodium chloride deposition rates from 
the cooling tower would be much less than the critical values (reported by 
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The most significant impact on the vegetation resulting from operation of a 
once-through cooling-tower system would be a reduction in the loss of wetland 
habitat due to thermal discharges* Because the stream would still be subject 
to variable flows, there would be incomplete reestablishment of upstream 
wetland communities along Indian Grave Branch and Pen Branch* From 1955 
through 1984, about 670 acres of wetlands were affected in the Pen Branch 
floodplain and swamp due to thermal discharges and flooding (Du Pont, 1985b, 
1987; Appendix F) , with an average loss of about 26 acres per year in the 
swamp. The operation of a once- through coo ling- tower system would eliminate 
additional losses in the stream corridor* Thermal effects are one of the 
three major factors (the others are flooding from reactor operation and river 
flooding) responsible for continuing swamp canopy loss (Du Pont, 1985b, 
1987; * The reduction in effluent temperatures would , therefore, have a 
positive effect on wetland communities by significantly reducing wetland loss 
rates* 
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To assist in ongoing consultations with the U.S. Fish and Wildlife Service 
(FWS), a Habitat Evaluation Procedure (HEP) analysis (Mackey et al-, 1987) was 
conducted; this procedure identified the value of habitat to be gained or lost BC-3 
with the once-through cooling-tower alternative (see Section 4,6 and 
Appendix C for more details on HEP analysis ). 

Aquatic Habitat and Biota 

Balanced communities containing indigenous species in all bio tic categories 
should develop and remain in all natural portions of the Pen Branch ecosystem 
following the implementation of a once- through coo ling- tower system for 
K-Reactor. Predicted maximum water temperatures in the immediate discharge 
area would be below the maximum of 32.2°C required for Class B waters of the 
State of South Carolina. However, the other temperature criterion for Class B 
waters (maximum temperature change of 2.8°C) would sometimes be exceeded in 
the stream. Accordingly, a Section 316(a) Demonstration study would be 
conducted to determine if a balanced biological community would be maintained* 

To compare and assess environmental impacts to the Pen Branch watershed before 
and after operation of the once- through cooling system, the stream system has BB-3 
been divided into three reaches based on the presence of distinct stream 
gradients: Reach 1 extends from the K-Reactor outlet down to SRP Road A, 
Reach 2 extends from SRP Road A to the mouth of the Pen Branch delta, and 
Reach 3 extends from the Pen Branch delta to the Savannah River, 

Conditions for all biotic categories would be greatly enhanced following 
mitigation in comparison to present conditions . Based on extensive data from 
Steel Creek, which had been impacted previously, recolonization of areas 
within the Pen Branch system that are presently uninhabitable because of 
excessive temperatures would occur rapidly* Furthermore, an analysis of the 
temperature requirements of the representative and important species 
indigenous to the creek system has revealed that these species would not be 
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affected adversely by the higher-than-ambient temperatures resulting from 
K-Reactor operation following mitigation with the once-through cooling-tower 
i-^m fDu Pont. 1987). 






The Pen Branch system, which includes Pen Branch and Indian Grave Branch, is a 
low potential impact area for phytoplankton. The food base throughout this 
system consists of detrital material rather than phytoplankton, as is typical 
in lotic systems. Primary producers in the Pen Branch system consist mainly 
of periphyton and macrophytes (Du Pont, 1985b, 1987). 

Following the implementation of a once-through cooling tower, zooplankton 
would become established in the primary study area. This newly established 
zooplankton community would provide food for the establishment of balanced 
indigenous macroinvertebrate and fish communities. The maximum predicted 
summer temperatures in the Pen Branch system would be within the range 
tolerated by most, if not all, indigenous species; accordingly, the heated 
discharge should cause no appreciable harm to the zooplankton community. The 
standing crop of zooplankton could be enhanced by the relatively slight 
temperature elevations above ambient, and species composition and community 
structure should be similar to those of the Pen Branch system before K-Reactor 
operation and to those of other natural streams in the region* The heated 

j^ i^«~« A r~ »,rt#- lil/^lw t- n aHflr t-h^a cl-anrlififf ^rnn. rnmninnifv strurture* or 

seasonal' periodicity of zooplankton in the farfield study area from those 
values typical of the receiving water body segment before reactor operation. 
Furthermore, cooling-tower discharge flow would not constitute a lethal 
barrier to the free movement (drift) of zooplankton. 

The habitat-formers community would improve with the addition of a once- 
through cooling tower for K-Reactor, However, the pattern of recovery is 
difficult to predict. Unlike the Steel Creek delta, which in early 1968 
stopped receiving both high flow and temperature from L-Reactor, temperatures 
will become reduced, but high flow will remain from the K-Reactor tower. 

At present, much of the Pen Branch system (especially Reaches 1 and 2) have 
temperatures that exceed the thermal tolerances of many aquatic plants , The 
reduction of temperatures to below lethal limits would allow the establishment 
of macrophytes and other aquatic plants, especially into Reaches 2 and 3. 
Reach 1 (Indian Grave Branch) is in a steeper, higher gradient stream valley 
than the rest of Pen Branch; macrophytes and other vascular flora are not as 
likely to develop there. Reaches 2 and 3 have lower gradients, are more open, 
and are more conducive to the establishment of mature plant communities. 
However, the high flows from the cooling tower probably would impede the types 
of vegetative communities that could develop. A" reduction of macrophyte 
growth in the main channel caused by an increase in flow has been observed in 
Lower Three Runs Creek, A reduction in the size of 'macrophyte beds 
( Polygonum ) has been observed in Steel Creek along the main channels after 
increased flows in Steel Creek since the restart of L-Reactor in October 
1985. Macrophyte development in Pen Branch probably would be restricted to 
the edges of the islands throughout Reaches 2 and 3. Typha , Ludwigia , 
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established along the channel margins and in backwater areas of reduced flow. 
Due to high flows and changing water levels, macrophytes would be uncommon in 
the main portions of the stream channels* In deeper water areas of slow flow, 
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Ceratophyllum and Myriophyllum could be abundant. Buttonbush and willow 

should continue to develop in areas of reduced temperatures, provided flooding 

and erosion of islands through channel modification is not extensive- Algae, 

including blue-green species, should continue to be common in the warmer 

months due to nutrient loading from the cooling tower (Du Pont, 1987), 

The reduced temperature regime resulting from the cooling tower would permit 
the invasion of some sDeniss nf ^mi^h-ir m^^mnhvhpc anH na**i n^irHnn ir* no*-+-c- ^f 
the system that are presently too hot to support plant life. However, rapid 
water velocities and a scoured stream substrate would make root penetration 
difficult; these conditions are expected to retard the development of macro- 
phyte communities in the center of the stream channel. In contrast, good 
development of aquatic macrophyte and riparian communities is expected along 
the stream margins, as well as in the delta area, where the stream channel is 
braided and water velocities are reduced. 



The- combination of above-ambient temperatures and the nutrient-rich river 
water that is used for reactor cooling should result in higher levels of 
primary production than would occur without reactor discharge. In addition, 
much more aquatic habitat would exist with a once-through cooling tower than 
would exist without the reactor discharge, because of the higher water levels. 

However, flow fluctuations during reactor cycling would result in the 
dewatering and subsequent dessication of large areas of stream bottom during 
reactor outages. The flow fluctuations probably would result in a macrophyte 
community dominated primarily by emergent species that could withstand 
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established in pools and backwater areas. The dewatering also would impact 
periphyton communities, causing major die-off s during reactor outages. Thus, 
although conditions with the cooling tower would be improved over existing 
conditions due to reductions in stream temperatures, flow fluctuations would 
perturb the ecosystems of the stream corridor and delta areas to some extent 
and would influence the types of communities that would develop in these areas. 

A once- through cooling tower would reduce stream water temperatures (see 
Chapter 2 and Appendix B) in comparison to present conditions, and would 
provide a thermal regime in the Pen Branch system conducive to the estab- 
lishment of a reasonably diverse macro invertebrate community* Following 
implementation of this alternative, the maximum predicted temperatures in the 
three reaches of the stream would be within the range tolerated by most, if 
not' all, indigenous macroinvertebrate species. 

Macroinvertebrates that utilize detritus (i.e., dead algae and other organic 
material; collector-gatherers and collector-f ilterers) probably would be 
favored in Pen Branch. In time, as riparian vegetation develops and begins to 



shed leaves into the stream, the relative abundance of shredders should 
increase. Organisms with short generation times (less than 1 month) should 
have a competitive advantage over longer-lived species, because they probably 
would be able to complete one or more life cycles during a single reactor 
cycle. Mobility would also be a factor in determining the macroinvertebrate 
species composition of Pen Branch, because species that can move quickly into 
deeper water or that can enter the drift rapidly would be favored over more 
sessile species. Species that can resist dessication in one or more life 
stage would have a competitive advantage. 
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Numerically* the chironomids should continue to dominate the macro invertebrate 
community of the Pen Branch corridor, as they do in most southeastern streams 
(Smock et al . , 1985). The dominant chironotnid taxa, however, would shift, 
with the more thermally tolerant species being replaced by other species that 
are not thermally tolerant. Organisms (e.g., mayflies and beetles) that can 
migrate quickly would be favored in Pen Branch* while sessile organisms , as 
mo]_i ao taxa that rnmate in the water (e^i* caddisflies) could experience 
high rates of mortality during reactor outages. Species that inhabit the 
stream substrate might not be greatly impacted, except during extended reactor 
outages, when discharges could be reduced long enough to dry out portions of 
the stream substrate completely. Although Pen Branch should support a 
reasonably diverse macroinvertebrate community, fluctuations in water level 
and an elevated temperature regime could preclude the establishment of some of 
the more sensitive macroinvertebrate taxa in the stream. 



Although above-ambient temperatures should produce earlier emergence of many 
species of aquatic insects, no major adverse impacts should occur. The 
slightly elevated temperatures could permit multivoltine species of insects 
(those that complete more than one life cycle per year) to produce one or more 
additional generations per year, thereby increasing the net annual production 
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The fluctuating water levels during reactor cycling would affect the 
macroinvertebrate community of Pen Branch to some extent. Increased drift 
would occur during rising and receding water levels, which could result in 
increased predation and possibly temporary reductions in standing crop. 
BB-3 I- Dewatering of macroinvertebrate habitat (logs , leaf packs , stream substrate, 
etc . ) during reactor outages could result in substantial mortality for some 
species of macroinvertebrates . If large periphyton die-of f s are caused by 
dews ter in* 3 " - secondare production could be reduced tem n orar il v due to the 
reduced availability of food. However, the standing crop of macroinverte- 
brates in Pen Branch should be sufficient to ensure a good supply of food for 
higher trophic levels (i.e., fish). 

The cooling- tower discharge flow would not interfere with the drift or 
upstream movement of macroinvertebrates , because the predicted maximum 
temperature of the plume would be less than the upper thermal limits of most 
macroinvertebrate species indigenous to the southeast. No significant 
far field impacts should occur, because the water would be near ambient 
temperature by the time it reaches the Savannah River (see Appendix B, 
Table B-4), 



A once-through cooling tower would improve conditions for the fish communities 
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is not expected to change substantially from present conditions , because the 
fish communities in the upper reaches of SRP tributary streams appear to be 
stable and not affected significantly by reactor operations. One major 
difference caused by cooling-tower operation could enhance the fish community 
in this portion of the stream system. Water temperatures at the confluence of 
Indian Grave Branch and Pen Branch would never exceed 32°C or have an 
average monthly AT greater than 10°C (winter; see Appendix B, Table B-M- 
Accordingly, water temperature should not inhibit the movement of fish between 
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additional spawning in the upper reaches and could provide a pathway for 
immature fishes spawned in these reaches to contribute to the populations in 
Reaches 1, 2, and 3 below K-Reactor and in the Savannah River, 



Following implementation of this alternative, a temperature-restricted zone of 
passage in Reach 1 should not exist; this would allow fish to reinvade this 
section and could provide spawning and nursery areas for some species * 
Maximum temperatures in Reach 2 would not exceed 32°C and average monthly 
AT values would not exceed 10°C (see Appendix B, Table B-4); this should 
allow indigenous fish species to inhabit Reach 2* Some areas of Reach 2 
should be suitable for spawning, thereby increasing fish populations* 
Furthermore, the addition of slightly heated and relatively nutrient-rich 
Savannah River water to Pen Branch via the cooling-tower discharge should 
increase primary and secondary production in this area. The result would be 
an enhancement of fish growth in this portion of the creek in comparison to 
expected fish growth under ambient conditions. All of Reach 3 should be 
suitable habitat for all indigenous fishes of the Pen Branch system. Water 
temperatures should not exceed 31°C and average monthly AT values would 
not exceed 8°C in this region during the winter (see Appendix B, Table 
B-4), Reactor operation should have no adverse impact on reproduction. 
Growth should be enhanced by the increased productivity resulting from the 
slight temperature elevation and nutrient loading from Savannah River water 
pumped through the system. 



The maximum predicted water temperature at the cooling- tower discharge point 
would be 32°C (see Appendix B, Table B-4) and the maximum predicted average 



monthly temoerature would hp 99 C* Tn 
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temperatures for representative and important species (largemouth bass, 
bluegill, and catfish) are in the mid- to upper 30s°C. The cooling-tower 
system would comply with the temperature shock limits proposed by the U.S. 
Environmental Protection Agency (EPA) for the protection of all warm-water 
fishes (EPA, 1977). Laboratory studies have shown these limits to be 
protective of the temperature tolerance limits of largemouth bass f bluegill » 
and channel catfish (Wilde, 1987; Storms, 1985). Reproductive success and 
growth of all indigenous fish species should be improved over present 
conditions by implementation of this alternative; growth could be enhanced 
even above potential ambient temperature levels because the slight warming 
from the cooling- tower discharge would result in optimal growth temperatures 
for more of the year than with ambient conditions. Maximal absolute temper- 
atures and ATs should not block fish migration. Thus, the entire Pen Branch 
system should be available for fish habitation; the free movement of fishes 
between the headwaters of Pen Branch and the Savannah River should not be 
inhibited by K-Reactor operations at any time during the year. The thermal 
discharge flow should not block fish migration or exclude fish from any part 
of the ecosystem. 
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Entrainment and Impingement 

The operation of a once- through cooling tower would not require any changes to 
the intake cooling water flow rates . Accordingly, expected entrainment and 
impingement impacts would be similar to current impacts for K-Reactor. 
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The entrainment rates at the 1G and 3G intakes, as determined by onsite 

studies conducted annually from 1983 to 1985 (DOE, 1987)/ result in the 

average 

to 26*1 

season 

(range: 

Because 

cooling 



loss of approximately 17,6 x 10 6 fish Larvae (range: 10.2 x 10 
x 10 6 fish larvae; Appendix C) during the February-to-July spawning 
Plant* Estimated losses of fish eees average 9.3 x 10 



(4.6 x 



ts rt -* 4- ^ ■*- 

6 * can 



10*) 



be 



at the Plant* Estimated losses or risn eggs average 

5*3 x 10 6 to 14.0 x 10 6 eggs; Appendix C) each spawning season, 
about 50 percent of the water drawn into the two intakes is used for 

t half the total loss of larvae (8 = 8 x 10 6 ) and eggs 
attributed to the operation of this facility. The 
taxonomic groups whose larvae are most impacted by entrainment through the 1G 
and 3G intakes are the Clupeidae (shad, herring, etc* ) the Centrarchidae 
(crappie, sunfish, etc.)* and the Cyprinidae (carp, etc-). The eggs of the 
American shad and striped bass were entrained most often* accounting for an 
average 73 percent of all eggs entrained. 

Overall entrainment losses for K-Reactor operation averaged approximately 5.4 
percent (range: 4,4 to 7.5 percent) of the ichthyoplaukton passing the SRP 
intakes (DOE, 1987). Egg losses '* were concentrated among two anadromous 
species, American shad and striped bass* but only populations spawning in the 
30 miles of the river between the New Savannah Bluff Lock and Dam and the SRP 
are affected. American shad and striped bass spawn throughout the Savannah 
River, but the primary region for striped bass spawning is in 
influenced portions of the river near Savannah, Entrainment 
plankton of fresh water species primarily affects the eggs 
individuals that spawn in the vicinity of the intake canals, 
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either in the 



the 1G and 3G Canals. Consequently, the effect of entrainment of 



river or in 

fish eggs and larvae should be small and restricted to local 
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The current rates of impingement at the 1G and 3G intake screens would not be 
expected to change with a once-through cooling-tower system* During investi- 
gations conducted annually from 1983 to 1985 (DOE, 1987) , projected annual 
impingement for the two intakes combined averaged approximately 5885 fish 
(range: 2986 to 9534 fish per year; Appendix C), about half (2942 fish per 
year) of which can be attributed to K-Reactor. The principal species affected 
were bluespotted sunfish and threadfin shad; gizzard shad, redbreast sunfish, 



and war mouth were also im^in^ed frequently* 
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Threatened and Endangered Species 

Several inactive red-cockaded woodpecker colonies are located in the Pen 
Branch area* However, because the preferred habitat of this species is mature 
pine forests rather than wetland or bottomland hardwoods near the creek, the 
operation of the once- through cooling tower would not impact the habitat of 
this endangered woodpecker. 

The American alligator occurs on the SRP site in both flowing-water and lake 
environments. Temperatures in the thermal region of Pen Branch under present 
operating conditions are higher than 50°C in the summer, which exceeds the 
critical thermal maximum of 38°C for the alligator. Thus, alligators cannot 
inhabit major portions of the stream during reactor operation. This alter- 
native would improve habitat quality over existing conditions; however, 
fluctuating water levels and elevated water temperatures could affect this 
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species adversely by flooding nests, eggs, and hibernation sites. Elevated 
temperatures during the winter and" spring months could' influence ! reproduction, 
nesting, and survival by hastening sexual maturation and nesting' in the spring. ' ■ 



The^ federally endangered bald eagle is a fairly common permanent breeding 

resident in South Carolina' 'and is most abundant 

migrates from the southeast to the northern 

and returns south in the fall 

(Sprunt and Chamberlain, 1970). 

first recorded in May 1959 (No 
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in the coastal region; it 

states and' Canada' in 1 mid-summer 

winter to nest and rear its young 

presence of this species on Par Pond was 

1963); eagles have been sighted- frequently 
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on the SRP since 1978 (Mayer et al., 1986). 

The first sighting of an active bald eagle nest on the SRP occurred oh June 5, 
1986. The nest contained two eaglets. In 1987, the mating pair returned to 
their -nest and fledged two- eaglets. The nest is located below Par Pond" dam in 
the Lower. Three Runs Creek drainage ' area. -'Because ' this -riest' is outside the : 
preferred alternative cooling impact zones and due to the implementation of 
management practices in accordance 'with- the guidelines of the 1984 bald eagle ; 
recovery plan, the U.S. Fish and Wildlife Service (FWS)- issued a- finding of no 
effect to this species in 1986 (Henry, 1986)* .,.-*. 

Although shortnose ■ sturgeon -larvae and adults have been' collected "from .the 
Savannah River and the intake 'canals ,- no shortriose sturgeon have been 
collected from any SRP creeks, nor - do these areas provide spawning habitat.- 
Current SRP operations have been determined to have no adverse impact on the 
endangered shortnose-sturgeon population in the Savannah -River (Oravetz, 1983)* 

A total of 59 endangered -.wood storks were observed foraging in the Pen Branch 
delta from 1983 through 1986 (Du Pont, 1987)* The high flow rate, water 
depth, and lengthy reactor cycles associated with the operation of K-Reactor 
and a once-through cooling' tower could minimize the availability of quality 
foraging habitat for the wood stork. 

Formal -consultation was held between DOE and FWS on the bald eagle, American; 
alligator* red-cockaded woodpecker, and wood stork.' Based on this consul- 
tation, . the FWS issued a -biological opinion that the 5 'preferred -alternative 
cooling" systems should have no effect - on endangered ' and threatened species 
(Parker, 1986; Henry, 1986); In addition, the National' Marine Fisheries 
Service (NMFS) has previously concurred in DOE's determination that the 
population of shortnose sturgeon in the Savannah River would not be affected 
adversely by SRP operations (Oravetz, 1983). 

Radiological Releases '■"''■•-, < '■ 

The radiological releases associated with the discharge of cooling water from 
K-Reactor are ' those resulting from either the remobilization of radionuclides 
contained in the Indian Grave Branch and Pen Branch streambeds and floodplainy. 
or those resulting from small process-water leaks into the cooling water. 

The ■ operation of the once-through cooling tower would not result in any 
significant changes in- the remobilization of -radionuclides contained in ■ the 
streambeds and f loodplain, because^ the flow rate of cooling water discharged to 
the creek would remain essentially unchanged. The operation of the cooling 
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tower, however, would decrease the amount of tritium discharged to the stream 
and, correspondingly, would increase the amount of tritium released to the 
atmosphere because of evaporation from the tower. The following sections 
discuss changes in the doses to the maximally exposed individual at the SRP 
boundary and to off site population groups (based on Year 2000 projections) 
attributable to the change in atmospheric and liquid releases of tritium 
resulting from operation of the cooling tower. 

Appendix G contains details of the dose assessment methodology and parameters; 
it also contains tables that list specific organ doses by pathway and age 
group* 
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Atmospheric Releases 

The amount of tritium released to the atmosphere is expected to increase by 50 
curies per year (about 0-012 percent of total SRP releases of tritium to the 
atmosphere) as a result of cooling water evaporation. This release would 
increase the atmospheric dose commitments of the regional population and the 
maximally exposed individual. Changes in dose commitments resulting from the 
increased release of atmospheric tritium are summarized below* 

Maximum Individual Dose - The hypothetical individual who would receive the 
highest effective whole-body dose from atmospheric releases associated with 
this cooling alternative is assumed to reside continuously at the SRP boundary 
about 8,8 kilometers west of K-Reactor. This location has the minimum 
atmospheric dilution, based on distance to the Plant boundary and meteoro- 
logical dispersion characteristics* This individual is assumed to receive 
doses by inhalation and by the ingestion of meat, vegetation, and cow's milk. 

The annual increase in soft- tissue and effective whole-body doses to the 
maximally exposed individual due to the atmospheric release of tritium is 
summarized in Table h~2. 

Population Dose - Collective doses resulting from atmospheric releases 
associated with this cooling alternative have been calculated for the 
population within 80 kilometers of the Plant, The annual effective whole-body 
dose to this population would increase by 4*97 x 10™ 3 person-rem as a result 
of the increase in tritium released to the atmosphere* 

Liquid Releases 

The operation of the once- through cooling tower would reduce the amount of 
tritium released to Pen Branch, The release of tritium would decrease by 50 
curies per year (about 0.12 percent of total releases of tritium to streams) 
as a result of the evaporation of cooling water in the tower* Doses 
associated with the change in liquid releases are discussed below for both the 
population and the maximally exposed individual* 

Maximum Individual Dose - The hypothetical individual who would experience the 
greatest change in dose from liquid effluents is assumed to live near the 
Savannah River downstream from the Savannah River Plant. The individual is 
assumed to use river water regularly for drinking, to consume fish from the 
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Table 4^2. 



Increase in Annual Doses to Maximally 
Exposed Individual Resulting from 
Atmospheric Releases of Tritium from 
K-Reactor Once-Through Cooling Tower 



Incremental dose increase (mrem/yr) 



Age group 


Effective whole 
body 


All soft tissue 3 


Adult 
Teen 
Child 
Infant 


1.05 x 10" 4 
1.14 x 10 -4 
7.86 x 10"' 
2.33 x 10"' 


1.23 x 10' 4 
1.34 x 10~ 4 

9.24 x 10"' 
2.74 x 10"' 



a. 



Tritium imparts an equal dose to all soft 
tissues (i.e., all organs except bone) that 
is about 18 percent higher than the effective 
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river* and to experience external exposures from shoreline activities. The 
individual is also assumed to drink more water and eat more fish than an 
average person. 
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Table 4-3 summarizes the annual decrease 
whole-body doses received by the maximally 
decrease in the liquid release of tritium* 



in soft- tissue and effective 
exposed individual due to a 



Population Dose - Savannah River water is not used for drinking within 
80 kilometers downstream of the Savannah River Plant; therefore, the dose to 
the population in this area would come from fish and shellfish consumption, 
and shoreline activities- 



The decrease in the collective dose to the Year-2000 population of 852,000 
within 80 kilometers of the Savannah River Plant from liquid releases of 
tritium associated with this cooling alternative would be 2*46 x 10" s 
person— rem per year "" 
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The Beaufort- Jasper and Port Wentworth population groups use the Savannah 
River as a source of potable water. While these groups are more than 
80 kilometers from the Savannah River Plant (about 100 river miles down- 
stream), their drinking-water doses have been calculated. The decrease in the 
collective dose delivered to these populations (an estimated 317,000 people 
will consume water from the Beaufort-Jasper and Port Wentworth water-treatment 
plants by the Year 2000 ) from tritium in drinking water is 3 . 26 x 10" z 
person rem per year* as presented in Table 4-4. 
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Table 4-3. 



Decrease' in- Annual' Doses" to Maximally 
Exposed Individual' Resulting from a 
Decrease in Liquid Releases of 
Tritium from K-Reactor ' Once-Through 
Cooling Tower 



Incremental dose reduction (mrem/yr) 





Effective whole 


• ;' i" 


■ • 


Age group 


body 


All soft 


tissue 


Adult 


2.19 x 10" 4 


2.58 x 


lO" 4 


Teen 


1.54 x 1(T* 


1*81 x 


io~ A ■ 


nuA 1 ^ 


i z,n v in -4 


1.76 x 


in- 4 -"" 


Infant 


9.52 x 10"" 5 


1.12 x 


itr 4 



a* Tritium imparts an equals dose to all : soft 
tissues (i.e*» all organs except bone) that is 
about 18 percent higher than the effective 
whole-body dose* 



Table 4-4. 



Decrease in Collective' Effective 
Whole-Body Dose Resulting from 
Liquid Releases of Tritium from 
K-Reactor Once-Through 'Cooling Tower 



Population group 



Incremental 

collective dose reduction 
(person-rem/yr) 



80-k i 1 ome t e r rad ius 
Beaufort- Jasper 

Pott- Wentworth • 

Total 



2*46 


X 


lO" 5 


1*13 


X 


10"' 


2,13 


"X 


10" " 


3.26 


X 


10*" z 
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Table '4-5 summarizes changes in the effective whole-body dose received by the 
maximally exposed- individual ' resulting from the operation of this cooling 
alternative.' Table 4-6 indicates changes in the collective dose* 
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Table 4-5* 



Changes in Effective Whole-Body Dose Received by Maximally 
Exposed Individual Resulting from Operation of K-Reactor 
Once-Through Cooling Tower (millirem per year) a 



Source of exposure 



Adult 



■ Teen ' 



Child 



Infant 



Atmospheric tritium 1.05 x 10 4 
releases 



1.14 x 10 



- 4 



7.86 x 10" 5 2,33 x 10" 5 



Liquid tritium 
releases 



-2.19 x 10" 4<b) .-1.54 x 10 



- A 



-1.50 x 10"" -9*52 x 10~ 5 



Net dose change 



-1.14 x 10 



- 4 



-4.00 x 10 



- s 



-^ 



-7.14 x 10" 3 -7.19 x 10 



- 5 



a. Tritium imparts an equal dose to all soft tissues'" that is about 18 percent 
higher than the effective whole-body dose. 

b. Negative sign denotes a decrease in dose. 



The average background total-body dose to an individual living in the vicinity 
of the Savannah River Plant is 93 millirem per year. By extrapolation, the 
annual collective dose to the 80-kilometer population is 79,200 person-rem; to 
the Port Wentworth water users » it is 18 *6QG person-rem; and to the Beaufort- 
Jasper water users , 10 , 900 person-rem. 
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This cooling alternative would reduce the annual dose to the effective whole 
body of the maximally exposed adult and the annual collective effective 
whole-body dose to Port Wentworth "and Beaufort-Jasper water users by 1 . 14 x 
10" 4 millirem, 2*13 x.' 10" 2 person-rem, and 1.13 x 10" 2 person-rem, 
respectively; it also would increase the collective effective whole-body dose 
to the 80-kilometer population by 4.95 x 10" 3 person-rem per year* These 
dose changes are very small compared to the normal year-to-year variations in 
natural background radiation. 

Present tritium releases to the Savannah River from Indian Grave Branch and 
Pen Branch result in an effective whole-body dose of 5*18 x 10* millirem 
per year to the maximally exposed adult . This alternative would reduce the 
liquid tritium dose by 2,19 x 10~ 4 millirem per year and increase the 
atmospheric dose by 1.05 x 10" millirem per year, resulting in an overall 



reduction of 
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millirem per year* 
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Health Effects 

Risk estimators used to project health' effects are 120 fatal cancers and 
257 genetic effects per 1 million, person-rem -of collective dose; Appendix G 
presents the risk estimators by organ. According to these estimators and the 
organ doses, the population within 80 kilometers of the SRP could experience 
an annual increase of 5.82 x 10' excess cancer fatality and 1*50 x 10" 
additional genetic disorder, from the., operation of this alternative cooling 
water system. The populations at Beaufort-Jasper and Port Wentworth 
downstream from the Plant could "experience decreases of 3.84 x 10 ~ 6 fatal 
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Table 4-6. Changes in Collective Effective Whole-Body Dose Resulting from Operation 

of K-Reactor Once-Through Cooling Tower (person-rem per year) 



I 

ro 
o 



Source of exposure 



Atmospheric tritium 
releases 

Liquid tritium 
releases 3 



80-kiloroeter 
population 



4.97 x 10 



- 3 



-2.46 x 10 



Beaufort- 
Jasper 



-1.13 x 10 



Port 
Wentworth 



-2,13 x 10 



Total 



4.97 x 10 



-3 



BC-22 



3*26 x 10 2 



Net dose change 



4.95 x 10 



-3 



-1.13 x 10 



-2 



a* Negative sign denotes a decrease in dose. 



-2.13 x 10 



-2 



-2.77 x 10 



-E 



cancer and 9.87 x 
information. 



10 



-6 



genetic disorder per year. Table 4-7 summarizes this 



Table 4-7. Changes in Annual Health Effects 



Population group 



80-kilometer radius 
Beaufort-Jasper a 
Port Wentworth 

Total 



Genetic 
disorders 



1.50 x 10" 6 
■3.42 x 10" 6 
-6.45 x iO" 6 



-8.37 x 10 



-6 



Fatal 
cancers 



5.82 x 10" 7 
•1.33 x ^ rt ~ 6 



10 
2.51 x 10 



a. Negative sign denotes a decrease in health effects. 
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-3.26 x 10 
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4,1.2 RECIRCULATING COOLING TOWERS 
4.1.2.1 Construction Impacts 



Socioeconomics 



Construction of the recirculating cooling towers for K-Reactor would be 
accomplished in approximately 42 months after a 9-month lead design period. 
This construction could involve a combined workforce for the towers in K- and 
C-Areas. Two groups of workers would be involved in constructing these 
cooling towers. The first group, which would include the architect and 
building crew, would initially number about 90. This group would increase to 
about 150 when work on the cooling towers for C-Reactor began because 
construction of the towers for K-Reactor would be continuing. The second 
group of workers would perform related construction activities, such as 









laciiities aiid piping; this group would involve a peak 



workforce of 490 personnel. The two workforce groups would peak at different 
times during construction. The maximum total construction workforce during 
these combined activities would not exceed 600; therefore, the estimated peak 
construction workforce for K-Reactor alone is 300 persons. 

As described in Section 4.1.1.1, construction workers from other local 
projects would be available for employment on the Plant. Because these 
workers already reside in the SRP area, no impacts to local communities and 
services due to immigrating workers would occur. 

Historic and Archaeological Resources 

No sites within the Pen Branch and Indian Grave Branch watershed area would be 
affected by the construction of recirculating cooling towers (see Appendix E 
for more details). 
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Water Quality 

The impacts on water quality in Indian Grave Branch and Pen Branch from the 
construction of recirculating cooling towers would be similar to those 
associated with the construction of a once-through cooling tower (see Section 
4.1.1.1). The principal impact would be some temporary localized increases in 
the concentration of suspended material in the stream water due to runoff and 
erosion from construction activities. The application of standard erosion 
control practices, described in Section 4,1*1.1," would * minimize these 
temporary effects. 
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Ecology 

The construction of recirculating cooling towers would disturb about 50 acres 
of upland forest (21 acres for the cooling towers, 27 acres for the canal and 
pipeline right-of-ways, and the remainder ' for relocation of various facilities 



and for the construction of service Loads and parking 
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effects on vegetation should occur outside the immediate construction areas* 

The impacts to fish and wildlife from the construction of the recirculating 
cooling towers would be similar to those described for^- the ■ construction of a 
once-through cooling tower (see Section 4.1*1.1)* 



Radiological Releases 

During the construction of recirculating cooling towers for K-Reactor, there 
would' be no changes in the atmospheric and, liquid releases of radionuclides. 
Reactor, operation and the flow rate in Indian Grave Branch and Pen Branch 
would remain . , the same. There "would be no changes in reactor releases or 
remobilization of radionuclides from the creek bed and, consequently, 
radiation doses to the offsite population would not change* 

The only change would be in doses delivered to onsi-te construction personnel, 
as ; discussed in Section 4.1,1.1. This dose, estimated to be approximately 
20 millirem per year, is below the standards established by DOE for 
uncontrolled areas of 25 millirem- per year- from airborne releases and 100 
millirem per. year from all pathways. • ■ 

Other Construction Impacts ■ 



The construction of recirculating cooling towers for K-Reactor would also 
result in air quality and noise impacts similar to those described for the 
once-through cooling tower. (Section 4.1:1.1). All ■ applicable - atmospheric 
emission standards would be met during construction, and solid waste generated 
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maintenance of construction equipment would be performed under controlled 
conditions to minimize spills. 
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4.1.2.2 Operational Impacts - - 

Socioeconomics - ■ 

The number of workers associated with the operation of- recirculating cooling 
towers at K-Reactor would not result in any socioeconomic impacts, because 
only six additional' mechanics would be required. 

Historic and Archaeological Resources 

The operation of recirculating cooling towers for K-Reactor would not cause 
any imnacts to anv historic and archaeological resources= During the 
operation of the towers, cooling water effluent would be conveyed to Indian 
Grave Branch and Pen Branch; flows in the creek would be significantly 
reduced ; - An archaeological and historic resources survey in the Four Mile 
Creek watershed area located no significant sites requiring impact mitigation 
\ttpjjeiiaix r. j . • 

Water Quality and Hydrology 

The operation of recirculating cooling towers would lower discharge 
temperatures such- that the State of • South Carolina's Class B water 
classification standards (i*e* , a maximum ins t ream temperature of 32.2^0) 
would be met throughout the year* The discharge from the recirculating 
cooling tower would raise the stream temperature in Pen Branch more than the 
2.8 C maximum above ambient specified in the State l s Class B water 
classification standards. Accordingly, a Section 316(a) study would be 
performed to demonstrate if a balanced biological community would be 
maintained. 
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to Indian Grave Branch and Pen Branch, with concentrations of most chemical 
constituents about three times higher than corresponding values for Savannah 
River water drawn into the intakes, due to evaporative concentrations in the 
recirculating tower. An important difference between the compositions of 
river water and ambient creek water is the higher concentration of phosphorus 
and nitrogen compounds (i ,e, , orthophosphate, total phosphorus , nitrates, and 
ammonia) in the river. Although the concentrations of chemical constituents 
(e*g. * nutrients) would increase by about three times due to cycling in the 
recirculating tower* the total quantity of nutrients and other chemicals 
transported to the swamp river system would decrease because the intake flow 
of Savannah River water for this alternative would be much less than either 
the present cooling water system or the once-through cooling-tower alter- 
native* Chlorine biocide added to reactor cooling water to prevent biof ouling 
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to discharge to Indian Grave Branch. As discussed for the once- through 
cooling-tower alternative/no adverse effects should occur to aquatic biota or 
water quality from these additions* All discharges would comply with NPDES 
permit requirements and State Class B water classification standards. 

With the operation of recirculating cooling towers , dissolved oxygen levels in 
Indian Grave Branch and Pen Branch should comply with Class B water 
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classification standards throughout the year as a ' result of lower discharge 
water temperatures and the aeration resulting from water passing through the 

sometimes fall below Class B water classification standards (5 milligrams per 
liter average; 4 milligrams per liter minimum) during warmer summer periods - 
The lower flow in the stream would reduce erosion, and the lower water 
temperatures would allow vegetation to grow along the waterway, thereby 
stabilizing the shoreline areas* Thus, the levels of total suspended solids 
would be lower in Indian Grave Branch and Pen Branch and the Savannah River 
swamp* 
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The operation of recirculating cooling towers would have a significant effect 
on the hydrology of Indian Grave Branch and Pen Branch due to a reduction in 
discharge flow from the present level of about 11*3 cubic meters to about 1 
cubic meter per second- The flow in the creek from areas upstream of 
K -Reactor is about 0.03 cubic meter per second. Under these conditions, the 
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its depth and width would be reduced. Existing patterns and rates of erosion 
and deposition would change; one of the most important results would be a 
significant reduction in the rate of delta growth* The overall impact of the 
reduction in flow on the hydrology of the swamp would be small because the 
Savannah River is the principal factor influencing hydrological conditions in 
the swamp. 



Impacts to subsurface hydrology would be similar to those discussed in Section 
4.1.1*2 for the once-through cooling tower. 

Air Quality 



Air quality impacts from the operation of recirculating cooling towers at 
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The calculated maximum annual-mean frequency of reduced ground-level 
visibility to less than 1000 meters would be approximately 2 hours per year, 
occurring about 8 kilometers south-southwest and about 10 kilometers northwest 
of the recirculating cooling towers. The maximum ice accumulation on hori- 
zontal surfaces would be no more than 1 millimeter beyond 0.8 kilometer in all 
directions from the towers. The maximum predicted ice thickness would be 

about 7 millimeters * occurring within 0.4 kilometer from the towers with a 

j- (^ - 

total frequency of 88 hours per winter season. 

The maximum occurrence of visible plumes would be about 180 hours per year 
within 2 kilometers of the cooling towers in all directions. 

Figure 4-2 shows isopleths of annual total solids deposition due to the 
operation of the K-Reactor recirculating towers* The maximum annual total- 
solids deposition would be about 22. 7 kilograms per acre per year within 
0.5 kilometer of the cooling towers and approximately 4.5 kilograms per acre 
per year within 1 kilometer from the cooling tower. At 2 kilometers, the 

predicted solids deposition is calculated to be about 2*2 kilograms per acre 
per year. 
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Figure 4-2. K-Reactor Recirculating Tower, Total Solids Deposition, Kilograms/Acre-Year 
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Noise 

The operation of K-Reactor with recirculating cooling towers would cause 
increases in noise levels* Cooling-tower noise would consist of fan noise and 
BC~9 f a iii n g water. Beyond approximately 152 meters from the cooling tower, 
average sound levels would be below 70 decibels. [Continuous exposure to 70 
decibels or less has been determined to cause no loss of hearing (EPA, 1974),] 
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Ecology 

Vegetation and Wetlands 

Vegetation near the recirculating cooling towers would not receive adverse 
impacts by cooling-tower drift. Operation of the towers would result in an 
estimated total solids deposition of about 2.2 kilograms per acre per year at 
2 kilometers and about 22*7 kilograms per acre per year within 0-5 kilometer 
of the cooling towers . Because these rates would be much less than the 
critical values reported (see Section 4.1.1.2)* no significant impacts on 
vegetation should occur with this alternative. 

K-Reactor operations have affected about 6 70 acres of wetlands in the 
floodplain and swamp (Du Pont, 1985b; Appendix F). Operation of recirculating 
cooling towers would reduce the rate of growth of the delta. Reestablishment 
of vegetation through the process of natural succession would occur for 
approximately 500 acres of wetland habitat along the creek corridor and swamp. 

To assist in ongoing consultations with FWS, a HEP analysis (Mackey et al., 
1987) was conducted; it identified the value of habitat to be gained or lost 
with the recirculating cooling- tower alternative (see Section 4.6 and 
Appendix C for more details on HEP analysis). 



Aquatic Habitat and Biota 
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Balanced communities containing all indigenous species in all bio tic 
categories should develop and remain in all natural portions of the Pen Branch 
ecosystem following implementation of a recirculating cooling-tower system for 
K-Reactor. Predicted maximum water temperatures in the immediate discharge 



area would not exceed 30 C 
32.2°C required for Class 



and, therefore, 
B waters of 



would be 



below the maximum of 
the State. However, the other 
temperature criterion for Class B waters (maximum &T of 2*&°C) would be 
exceeded at times in the immediate discharge area and to a decreasing extent 
as far downstream as the Pen Branch delta (the beginning of the swamp; see 
Appendix B, Table B-5). Accordingly, a Section 316(a) Demonstration would be 
conducted for NPDES compliance after the cooling-tower- system becomes 
operational. In addition to temperature mitigation, flow in the creek system 
would be reduced to levels typical of small streams in the SRP region; these 
levels would be conducive to recolonization by habitat formers, 
macroinvertebrates, and fish (Du Pont, 1987). 

To compare and assess environmental impacts to the Pen Branch watershed before 
a.nd after operation of the recirculating cooling-tower system, the stream 
system has been divided into three reaches based on the presence of three 



distinct stream gradients: Reach 1 extends from the K-Reactor outlet down to 
SRP Road A, Reach 2 extends from SRP Road A to the mouth of the Pen Branch 
delta, and Reach 3 extends from the delta to the Savannah River. 

Conditions for all biotic categories would be enhanced greatly following the 
implementation of this alternative in comparison to present conditions. Based 
on extensive data from Steel Creek, which had been impacted previously, 
recolonization of areas within the Pen Branch system that are presently 
uninhabitable because of excessive temperatures and flows would occur 
rapidly. Furthermore, an analysis of the temperature and flow requirements of 
the representative and important species' indigenous to the creek system has 
revealed that these species should not be affected adversely by the slightly 
higher-than-ambient temperatures and lower flows resulting from K-Reactor 
operation following implementation of the recirculating cooling-tower system 
(Du Pont, 1987), 
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.Lin- i-cu uL&n^ui ajroLciu, wnxuii luciuaes ren crancn ana inaian t^rave urancn, is a 
low potential impact area for phytoplankton. The food base throughout this 
system consists of detrital material rather than phytoplankton, which is 
typical in lotic systems. Primary producers in the Pen Branch system consist 
primarily of periphyton and macrophytes (Du Pont, 1987). 

Following implementation of a recirculating cooling-tower system, a 
zooplankton community would become established in the study area; this 
community would not be affected adversely by the operation of K-Reactor. This 
newly established community would provide food for the establishment of 
balanced indigenous macroinvertebrate and fish communities . The maximum 
predicted temperatures in the Pen Branch system would be within the range 
tolerated by most, if not all, indigenous species; accordingly, the heated 
discharge should cause no appreciable harm to the zooplankton community* The 
standing crop of zooplankton should be enhanced by the relatively slight 
temperature elevation and species composition and community structure should 
be similar to those of the Pen Branch system before SRP operation and to those 
of other natural streams in the region. The heated discharge is not likely to 
alter the standing crop, community structure, or seasonal periodicity of 
zooplankton in the farfieid study area from those values typical of the 
receiving water body segment before reactor operation. Furthermore, cooling- 
tower blowdown flow would not constitute a lethal barrier to the free movement 
(drift) of zooplankton. 

The habitat-formers community should improve significantly with the addition 
of a recirculating cooling-tower system to K-Reactor. Following the cessation 
of L-Reactor thermal discharges in 1968 and the resultant reduction in both 
temperature and flow to Steel Creek, habitat formers along the stream corridor 
and on its delta beean to imornvp ltnmpHipfplv. 
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and flow to Beaver Dam Creek were reduced in the late 1970s, wetlands in the 
creek's delta in the Savannah River swamp began to improve. Both of these 
areas now have a mosaic of herbaceous persistent and nonpersistent marsh and 
scrub-shrub wetlands that directly and indirectly support diverse biological 
communities (Du Pont, 1987). 
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The heated discharge from recirculating cooling towers at K-Reactor would not 
result in any deterioration of the habitat-formers community, or in any 
appreciable harm to the balanced indigenous population in Pen Branch or the 
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Pen Branch delta region of the Savannah River swamp. Reach 1 (Indian Grave 
Branch) of the Pen Branch system is in a steeper, higher gradient stream 
valley; accordingly, macrophyte and other habitat formers would not be as 
likely* to develop. Reaches 2 and 3 are at a lower gradient and are more open; 
thus, habitat-former communities would be more evident (Du Pont, 1987). 
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Following implementation of a recirculating cooling-tower system, 
discharges would be reduced from approximately 11.3 cubic meters per 
about 1*1 cubic meters per second. This discharge, combined with the natural 
stream discharge, would result in a total discharge of 1,13 cubic meters per 
second. The reduced discharge would result in substantial reductions in 
stream width, depth, and water velocity in comparison to present conditions. 
Reduced water velocities would decrease the erosion rate of the stream channel 
in Reaches 1 and 2 and would be more conducive to the retention of logs and 
other organic debris in the stream channel, which provide structure for 
aquatic macroinvertebrates. Lower stream temperatures, coupled with reduced 
^*-^™ winn'h'pc. wrmlH nRrmit the invasion of aquatic macrophytes into the 
stream channel, and would also permit the establishment of riparian vegetation 
in what is presently the high water channel of Pen Branch. Aquatic habitat in 
the delta (Reach 3) should differ somewhat from that in Reaches 1 and 2. ^ At 
present, water flows through the delta in a series of shallow braided 
channels. With reduced discharge, most of the flow should follow the path of 
the original stream channel, but some water could flow through one or two of 
the deeper side channels that have been cut through the delta. This, coupled 
with the more gradual stream gradient of the delta, would probably result in 
lower velocities than would exist in Reaches 1 and 2, The delta area should 
provide prime habitat for many species of aquatic and semiaquatic macrophytes, 
which in turn would provide habitat for species of macroinvertebrates 
prefer slow-moving streams and dense stands of macrophytes. 
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At present, the macroinvertebrate community of the thermally impacted portion 
of Pen Branch is dominated by thermally tolerant chironomids and nematodes 
(Du Pont, 1987). Following implementation of the recirculating alternative, a 
diverse and productive community should develop. This newly established 
community would provide food necessary for the establishment of a balanced 
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The species composition of the Pen Branch corridor (Reaches 1 and 2) should be 
somewhat similar to that of the unimpacted headwaters portion of Pen Branch, 
although differences would exist due to a more open canopy and to greater 
stream discharge volumes from K-Reactor operations . Increased light 
availability would result in a system that is more autochthonous. Thus, 
macroinvertebrate species that utilize periphyton or macrophytes as food would 
be more abundant. Scrapers (such as snails and beetles), as well as 
collector-gatherers and collector-f ilterers (such as mayflies) that feed on 
particulate organic matter, should be more abundant downstream from the 
reactor outfall . As macrophyte beds become established, macroinvertebrate 
species that are commonly associated with macrophyte beds , such as scuds, 
water mites, beetles, and aquatic bugs (Hemiptera) would increase in 
abundance. Numerically, however, the chironomids should continue to dominate 
the macroinvertebrate community of the Pen Branch corridor, as they do in most 
southeastern streams. The dominant chironomid taxa, however, would shift, 
with the more thermally tolerant species being replaced by other species that 
are less thermally tolerant (Du Pont, 1987). 
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The macroinvertebrate community of Reach 3 would differ from that of Reaches 1 
and 2 due to habitat differences (i.e., current velocity and stream sediment) 
that occur where the stream enters the delta. The macroinvertebrate community 
of Reach 3, through succession, eventually should resemble that of the 
recovering Steel Creek delta* Species expected to be most abundant in the 
delta would include snails, scuds, water mites, many species of odonates, 
coleopterans, hemipterans, and several chironomid genera* The chironomids 
should dominate numerically, although other groups, such as snails and 
amphipods, could be more important with respect to biomass. 

A recirculating cooling-tower system would improve the thermal regime of Pen 
Branch over existing conditions. With this system, the maximum predicted 
summer temperatures in the three reaches of the stream would be 30°C, 
29°C, and 29°C, respectively (see Appendix B, Table B-5). These 
temperatures are within the range tolerated by most, if not all, indigenous 
species, because ambient summer water temperatures in many southeastern 
streams equal or exceed these values* Maximum average monthly AT for the 
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increases in temperatures could result in the earlier emergence of some 
species, no significant adverse impacts should occur, and the potential for 
cold shock would not exist during reactor outages in the winter. Thus, the 
cooling-tower blowdown should cause no appreciable harm to the 
macroinvertebrate community of Pen Branch. 

However, the standing crop of macroinvertebrates in Pen Branch should be 
enhanced by the relatively slight elevation in temperature, due in part to an 
expected increase in the standing crop of periphyton and heterotrophs, which 
would provide more food for many species of macroinvertebrates. In addition, 
the slightly elevated temperatures could permit multivoltine species of 
insects (those that complete more than one life cycle per year) to produce one 
or, more additional generations per year, thereby increasing the net annual 
production of the macroinvertebrate community. 

The cooling-tower blowdown flow should not interfere with the drift or 
upstream movement of macroinvertebrates, because the predicted maximum temper- 
ature of the flow is less than the upper thermal limits of most macroinverte— 
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because the water is essentially at ambient temperature by the time it enters 
Steel Creek* 

The fish community in upper Pen Branch above K-Reactor should not change 
substantially from present conditions because the fish communities in the 
upper reaches of SRP tributary streams appear to be stable and not affected 
significantly by reactor operations (Du Pont, 1987). One major- difference 
caused by cooling-tower operation could enhance the fish community in this 
portion of the stream system. Water temperatures at the confluence of Indian 
Grave Branch and Pen Branch would never exceed 30 °C and the average monthly 
AT would, not exceed 6°C. Thus, water temperature should no longer inhibit 
the movement of fish between the Savannah River and the headwaters of Pen 
Branch, This could result in additional spawning in the upper reaches and 
would provide a pathway for immature fishes spawned in the upper reaches to 
contribute to the populations in Reaches 1, 2, and 3 of Pen Branch below 
K-Reactor and in the Savannah River, 
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Following implementation of the recirculating cooling-tower alternative, a 
temperature-restricted zone of passage in Reach 1 should no longer exist* 
Flow would be reduced during reactor operation because cooling water discharge 
would decline from about 11.3 cubic meters per second to about 1 cubic meter 
per second. These changes would allow fish to reinvade this section of the 
stream system, and would provide spawning and nursery areas for some species. 

Maximum absolute temperatures in Reach 2 would not exceed 29°C and average 
monthly AT values would not exceed 4°C throughout the year. Together with 
reduced flow, this factor would allow indigenous fish species to inhabit Reach 
2. Some areas of Reach 2 should be suitable for spawning, thereby increasing 
fish populations * Furthermore, the addition of slightly heated and relatively 
nutrient-rich Savannah River water to Pen Branch via the cooling-tower 
blowdown could increase primary and secondary production in this area. The 
result would be an enhancement of fish growth in this portion of the creek in 
comparison to expected fish growth under ambient conditions. 
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Ail of Reach 3 should be suitable habitat for all indigenous fishes of the Pen 
Branch system. Maximum temperatures would not exceed 29 °C and average 
monthly AT would not exceed 5°C. Reactor operation should have no adverse 
impact on reproduction. Growth should be enhanced by the increased produc- 
tivity resulting from the slight temperature elevation and nutrient loading 
from Savannah River water pumped through the system. The areal extent of 
aquatic habitat should be reduced from the present situation because of the 
reduced flows (present discharge of 11.3 cubic meters per second versus 
cooling-tower blowdown plus auxiliary system flows of 1 cubic meter per 
second). However, the system would more closely resemble ambient conditions. 



The absolute maximum predicted water temperature at the cooling- tower 
discharge point would be 30°C (see Appendix B, Table B-5) and the maximum 
predicted average monthly temperature would be 27°C. In contrast, the upper 

temperatures for representative and important species 

bluegill, and catfish) are in the mid- to upper 30s°C. 

system would comply with the temperature shock limits 

for the protection of all warm-water fishes (EPA, 1977). 



incipient lethal 
( largemouth bass , 
The cooling- tower 
proposed by EPA 



Laboratory studies have shown these limits to be protective of the temperature 
tolerance limits of largemouth bass , bluegill » and channel catfish (Wilde, 
1987; Storms, 1985)- Reproductive success and growth of all indigenous fish 
species would be improved over present conditions by this mitigation plan; 
grow 1.11 3hGUj.u ue ennanced even auove potentiax amuient temperature xeveiS 
because the slight warming from the tower blowdown would result in optimal 
growth temperatures for more of the year than with ambient conditions. 
Maximal absolute temperatures ( 30°C ) and maximum average monthly AT values 
(6°C) should not block fish migration. Thus, the entire Pen Branch system 
would be available for fish habitation; the free movement of fishes between 
the headwaters of Pen Branch and the Savannah River should not be inhibited by 
K-Reactor operations at any time during the year. The thermal discharge flow 
would not block fish migration or exclude fish from any part of the ecosystem. 



Entrainment and Impingement 

BD-5 The operation of recirculating cooling towers for K-Reactor would reduce the 
requirements for cooling water withdrawal from about 11.3 to about 1.6 cubic 
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meters per second. The rates of entrainment of fish eggs and larvae into a 
cooling water system are directly proportional to the flow rate through that 
system* Because the flow requirements of recirculating towers would be about 
14,5 percent of current levels , entrainment losses would be reduced propor- 
tionally. The estimated annual entrainment losses of fish larvae from 
operating recirculating cooling towers for K-Reactor would decline from an 
average of about 8,8 x 10 6 with current operations to about 1-3 x 10 
individuals; annual losses of fish eggs would decline from an average of about 
4.6 x 10 6 to about 6.7 x 10 5 individuals (DOE, 1987) . The taxonomic 
groups benefiting from these reductions would be the clupeids (principally the 
American shad), the centrarchids , and the cyprinids. 
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only to intake flow rates, but also to such factors as river water level, 
water temperature, and the density of fish species in the intake canal 
(Du Pont , 1985b) . Assuming that the rates of impingement are proportional to 
intake flow rates, the impingement loss with a recirculating cooling- tower 
system would be about 14.5 percent of current levels. The 1983-1985 
investigations conducted at the 1G and 3G intakes projected the impingement of 
2942 annually on the screens as a result of K-Reactor operation (DOE, 1987) . 
The operation of recirculating cooling towers would reduce this number to 
about 427 individuals annually. This reduction would most benefit the 
bluespotted sunfish, threadfin shad, gizzard shad, redbreast sunfish, and 
warmouth, which are the species now impinged in greatest numbers at the 
intakes. 






Threatened and Endangered Species 



Implementation of this alternative would result in a reduction of the effluent 
discharge from 11.3 to about 1 cubic meter per second; this would allow the 
stream channel to revert approximately to its original width, and would allow 
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foraging habitat for the endangered wood stork and provide potential habitat 
for the American alligator. Because of the reduced flow rate, nests » eggs, 
and hibernation sites of the American alligator should not be impacted. 
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Formal consultations were held between DOE and the FWS to comply with the 
Endangered Species Act of 1973. Based on these consultations, the FWS issued 
a biological opinion that the preferred alternative cooling systems should 
have no effect on endangered and threatened species (Parker, 1986; Henry, 
1986). 
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Radiological Releases 

Appendix G contains details of the dose assessment methodology and parameters; 
it also contains tables that list specific organ doses by pathway and 
age-group. 

Remobilization of Radionuclides 



The operation of the recirculating cooling towers would reduce the now rate 
of cooling water in Indian Grave Branch and Pen Branch and, therefore, would 
decrease the amount of radionuclides being remobilized from the creek bed and 
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transported to the Savannah River. The primary radionuclide contained in Pen 
Branch sediments is cesium-137 (Appendix D). The reduced flow in Pen Branch 
would result in a decrease of about 0.12 curie of cesium-137 released annually 
to the Savannah River, 

M aximum Individual Dose - The individual who would experience the greatest 
Hnflp from cesium remobilization is assumed to live near the Savannah 
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River downstream from the SRP. This individual is assumed to use river water 
regularly for drinking, to consume fish from the river, and to experience 
external exposures from shoreline activities* This individual is also assumed 
to drink more water and eat more fish than an average person. 

Table 4-8 lists the changes in effective-whole-body and most-af f ected-organ 
(gonads) doses to the maximally exposed individual resulting from the decrease 
in cesium-137 released to the Savannah River. 



Table 4-8. 
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Decrease in Doses to Maximally Exposed 
Individual Resulting from Cesium 
Redistribution Associated with K-Reactor 
Recirculating Cooling Towers 







Incremental 


dose 


reduc 


tion (mrem/yr) 
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Adult 
Teen 
Child 
Infant 






6.88 x 
5*27 x 
2.29 x 
2*21 x 


10" 2 
lO" 2 
1CT 2 
lO" 4 




6.88 x 10"' 
5.27 x 10" 2 
2.29 x 10"' 
2.21 x 10" 4 



a. Dose to gonads is directly comparable to soft- 
tissue doses resulting from tritium* because 
tritium imparts an equal dose to all soft 
tissues (i.e*. all organs except bone). 



Population Dose - Table 4-9 lists the decreases in the collective doses 
delivered to the affected population groups. 

Tritium Releases 

The following sections discuss changes in the doses to the maximally exposed 
individual at the SRP boundary and to offsite population groups (based on year 
2000 projections) that are attributable to changes in atmospheric and liquid 
releases to Indian Grave Branch and Pen Branch of tritium resulting from the 
operation of recirculating cooling towers. 

Atmospheric Releases - The amount of tritium released annually to the 
atmosphere is expected to increase by 425 curies (about 0.1 percent of total 
SRP releases of tritium to the atmosphere) as a result of evaporation of 
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Table 4-9. 



Decrease in Collective Effective 
Whole-Body Dose Resulting 
from Cesium Redistribution 
Associated with K-Reactor 
Recirculating Cooling Towers 



Population group 



80-km population 
Beaufort— Jasper 
Port Wentworth 



incremental collective 
dose reduction 
( person-rem/yr ) 



BC-22 



1.91 x 10" 1 
1*05 x 10" 2 

3,81 x 10" 2 



Total 



2.40 x in 



- 1 



cooling water. This would increase the atmospheric dose commitments of the 






Legioual population ana 



Liie uLiixxmaJ-J-y exposed individual . unanges in aose 
commitments resulting from the increased release of atmospheric tritium are 
summarized below. 



TE 



Maximum Individual Dose - The individual who would receive the highest 
effective whole-body dose from atmospheric releases associated with this 
cooling alternative is at the same location described in Section 4.1.1.2. 
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Table 4-10 summarizes the annual increases in soft- tissue and effective 
whole-body doses received by the maximally exposed individual due to the 
atmospheric release of tritium. 



Table 4-10. Increase in Annual Dose to Maximally 



Atmospheric Releases of Tritium from 
K-Reactor Recirculating Cooling Towers 



Incremental dose increase (mrem/yr) 



Age group 



Adult 

Teen 
Child 

im clii 



Effective whole body All soft tissues 



- A 



8,92 x 10 
9.65 x 10" 4 
6.69 x 10 



- 4 






- 4 



1.05 x 10 
1*13 x 10 
7.87 x 10 



o On ,*■ ^ r\ 



- 3 



- 3 



- A 



- 4 



B022 



a. Tritium imparts an equal .dose to all soft tissues 
(i.e., all organs except bone) that is 18 percent 
higher than the effective whole-body dose. 
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Population Dose - Collective doses resulting from atmospheric releases 
associated with this cooling alternative are calculated for the population 
within 80 kilometers of the SRP* The annual collective effective whole-body 
dose to this population would increase by 4,22 x 10" 2 person-rem as a result 
of the increase in tritium released to the atmosphere* 

Liquid Releases - The operation of this cooling alternative would reduce the 
amount of tritium released to the stream by 425 curies per year (about 
1 percent of the total SRP releases of tritium to streams) as a result of 
evaporation of cooling water. Doses associated with the change in liquid 
releases are discussed below for both the population and the maximally exposed 
individual . 

Maximum Individual Dose - The hypothetical individual who would experience the 
greatest change in dose from liquid effluents is the same as that described 
earlier in Section 4.1.1*2. 



Table 4-11 summarizes the annual decrease 
whole-body doses received by the maximally 
decrease in the liquid release of tritium. 



in soft-tissue and ettective 
exposed individual due to a 



Table 4-11, 



Decrease in Annual Dose to Maximally 
Exposed Individual Resulting from a 
Decrease in Liquid Releases of Tritium 
from K-Reactor Recirculating Cooling 






Incremental dose reduction (mrem/yr) 



Age group 



Effective whole-body 



All soft tissues 



Adult 
Teen 
Child 
Infant 



1*85 x 10 
1.31 x 10 
1*27 x 10 
8*06 x 10 



- 3 



- 3 
-3 



-4 



2*18 x 
1.53 x 



10 
10 



1*50 x 10 
9*48 x 10 



- 3 
-3 
-3 

- 4 



a. 



Tritium imparts an equal dose to all soft tissues 
(i.e*» all organs except bone) that is 18 percent 
higher than the effective whole-body dose* 



-i _ _ _ 
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Population Dose - The decrease in the collective ettective wnoie-ooay aose 
within 80 kilometers of the Savannah River Plant from reduced liquid releases 
of tritium associated with this cooling alternative would be 2*09 x 10 
person-rem per year (Table 4-12). 

The decrease in the collective effective whole-body dose delivered to the 
Beaufort-Jasper and Port Wentworth population groups who use the Savannah 
River as a source of potable water (about 317,000) from tritium in drinking 
water would be 2*78 x 10" ! person-rem per year, as presented in Table 4-12* 
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Table 4-12, 



Decrease in Collective Effective 
Whole-Body Dose Resulting from 
Liquid Releases of Tritium from 
K-Reactor Recirculating Cooling 
Towers 



Population group 



Incremental collective 
dose reduction 
(person-rem/ea. yr) 



80-km radius 
Beaufort-Jasper 
Port Wentworth 



2,09 x 10"" 
9.58 x 10" 2 
1.82 x 10" 1 



Total 



2.78 x 10 



- 1 



Overall Changes in Offsite Doses 



Table 4-13 summarizes changes in the effective whole-body and the 
most-affected-organ doses received by the maximally exposed individual 
resulting from the operation of this cooling alternative. Table 4-14 lists 
changes in the annual collective effective whole-body dose. 

The average background total-body dose to an individual living in the vicinity 
of the Savannah River Plant is 93 roillirem per ye3.r. By extrapolation, the 
annual collective total-body dose to the 80-kilometer population is 79,200 
person-rem; to the Port Wentworth water users » it is 18 ,600 person-rem; and to 
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would reduce the annual effective whole-body dose to the maximally exposed 
adult by 6.98 x 10" miilirem, and the collective effective whole-body dose 
to the 80-kilometer population and the Port Wentworth and Beaufort-Jasper 
water users by l .49 x 10" l » 2 . 20 x 10" l , and l . 06 x 10" * person-rem 
per year, respectively* These changes are very small 
year-to-year variations in natural background radiation. 



in comparison to 



Present SRP operations result in an effective whole-body dose of 5. 18 x 10" 2 
miilirem per year to the maximally exposed adult from tritium releases to the 
Savannah River from Indian Grave Branch and Pen Branch. This alternative 
would reduce the liquid tritium dose by 1.85 x 10 * 3 miilirem per year and 
increase the atmospheric tritium dose by 8.92 x 10" 4 miilirem per year, 
resulting in an overall reduction of 9.58 x 10" 4 miilirem per year. 
Similarly, the current effective whole-body dose to the maximally exposed 
adult from cesium releases is 8.03 x 10" z miilirem per year. This 
alternative would reduce this dose by 6.88 x 10~ 2 miilirem per year. 
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Health Effects 

Using the cancer and genetic damage risk estimators discussed above and the 
organ doses presented in Appendix G, the population within 80 kilometers of 
the Savannah River Plant could experience a decrease of 1 . 11 x 10* 5 cancer 
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Table 4-13. 



Changes in Effective Whole-Body and Gonadal Doses Received 

by Maximally Exposed Individual Resulting from Operation 

of K-Reactor Recirculating Cooling Towers (millirem per year) 



Source of exposure 



Adult 



Teen 



Child 



Infant 



EFFECTIVE WHOLE-BODY DOSE INCREMENT 



Atmospheric tritium 

releases 
Liquid tritium 

releases 3 
Cesium transport 

Net dose change 



8.92 x 10 



-1.85 x 10 
-6,88 x 10 



-6.98 x 10 



-4 



-3 < b > 
-2 



- 2 



9.65 x 10'" 6,69 x 10"" 1.98 x 10 



-1.31 x 10 
-5.27 x 10 



-5*30 x 10 



- 3 



- Z 



- 2 



-3 



- 4 



-1,27 x 10" J -8.06 x 10 
-2.29 x 10" z -2.21 x 10"* 



•2.35 x 10" 2 -8.29 x 10~ 4 



GONADAL DOSE INCREMENT' 



Atmospheric tritium 

releases 
Liquid tritium 

releases a 
Cesium transport 



1.05 x 10 



-2.18 x 10 
-6,88 x 10 



- 3 



- 3 



- 2 



1.13 x 10 



^3 



-1.53 x 10 
-5.27 x 10 



- 2 



7.87 x 10 



-1.50 x 10 
-2.29 x 10 



- 4 



- 3 



- Z 



2.32 x 10 



- 4 



-9.48 x 10 
-2.21 x 10 



- 4 



\t~t- J ~U~ 

i^cc uusc cueing t: 






-2 



Ji Ji A. L\J 



- 2 






-1 



o in v in 



- 4 



a. Tritium imparts a dose to soft tissues about 18 percent higher than to the 
effective whole body. 

b. Negative sign preceding number denotes a decrease in dose* 

c . Gonadal dose is directly comparable to soft-tissue doses resulting from 
tritium, because tritium imparts an equal dose to all soft tissues (i.e., 
all organs except bone). 



fatality and 
this system. 
BC-22 from the SRP 
9.65 x 10" 5 
information* 



- s 



3.66 x 10" 3 genetic disorder per year from the operation of 
The populations at Beaufort-Jasper and Port Wentworth downstream 

could experience decreases of 3.67 x 10' 

genetic disorder per year. Table 4-15 



fatal cancer and 
summarizes this 



4.1.3 NO ACTION - EXISTING SYSTEM 



The no-action alternative for EC-Reactor would maintain the existing once- 
<-nrougii cooking water systeui that withdraws water irotn the Savannau iviver atiu 
discharges it into Pen Branch via Indian Grave Branch. Chapter 3 and Appendix 
C describe the environmental baseline conditions that are associated with this 
system. This section summarizes the major environmental impacts of the 
existing system. 
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Table 4-14. 



Changes in Collective Effective Whole-Body Dose Resulting 
from Operation of K-Reactor Recirculating Cooling Towers 
(person-rem per year) 



80-kilometer 
Source of exposure population 



Beaufort 
Jasper 



Port 
Wentworth 



Total 



Atmospheric trit- 
ium releases 



4.22 x 10 



- 2 



4.22 x 10 



-2 



BC-22 
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releases 



2.09 x 10"' Ca) -9*58 x 10" z 



- 1 



-1,82 x 10" 1 -2.78 x 10 



- 1 



Cesium transport -1,91 x 10 



- 1 



-1.05 x 10 



-2 



■3.81 x 10* z -2.40 x 10" 1 



Net dose change 



-1.49 x 10 



- 1 



-1.06 x 10 



- 1 



-2.20 x 10 



- I 



■4.76 x 10 



- 1 



a- Negative sign denotes a decrease in dose. 



Table 4^15. Changes in Annual Health Effects 



Population group 



Genetic 
disorders 



Fatal 
cancers 



80-kilometer radius 
Beaufort- Jasper 

J-V-L <- mtULffUL ULl 



-3.66 x 10" s 
-3.17 x 10~ s 

C i.Q -, in -5 



-1.11 x 10 
-1,21 x 10 



- 5 

- 5 






Total 



-1.33 x 10 



- A 



-4.78 x 10 



- 5 



4.1,3*1 Water Quality and Hydrology 

The average flow in Pen Branch when K-Reactor is operating would continue to 
be about 11,3 cubic meters per second in excess of the natural stream flow of 
0.03 cubic meter per second. 
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Maximum water temperatures of the discharge would reach 73°C during extreme 
summer conditions with water temperatures at the delta about 52°C; ambient 
stream temperatures would be 33°C. Under average winter conditions , 
temperatures along Pen Branch would range from 66°C at the discharge point 
to 43°C in the delta. These conditions would be present only when K-Reactor 
was in operation. The continuation of the existing cooling water discharge 
from K-Reactor would not comply with South Carolina Class B water 
classification standards * 

Dissolved oxygen concentrations would continue to be depressed in Indian Grave 
Branch and Pen Branch during reactor operations because of the elevated water 
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temperatures* Concentrations in Indian Grave Branch just below the reactor 
discharge point would average about 5.4 milligrams per liter* The mean 
concentration in Pen Branch would be about 5.7 milligrams per liter, with a 
range of 3.3 to 11-1 milligrams per liter. Values occasionally would fall 
below minimum state Class B water classification standards (5 milligrams per 
liter) in both streams* 

Generally f nutrient concentrations in the thermal reaches of the two streams 
would continue to be higher than in nonthermal reaches of the streams, due to 
inputs of nutrient-rich Savannah River water because of the' addition of higher 
nutrient content Savannah River water* 

4.1.3*2 Ecology and Wetlands 

The aquatic and terrestrial communities in and along Indian Grave Branch and 
Pen Branch would continue to be influenced largely by the heated discharges 
from K-Reactor, Blue-green algal mats would continue to cover much of the 
sand and silt substrate in Pen Branch. Riparian vegetation would include 
sedges, grasses, wax myrtle, and buttonbush, while duckweed would be abundant 
in the many side pools and channels* The delta region of the stream would be 
BB-3 characterized by an open and closed canopy of living and dead bald cypress and 
BC-19 tupelo. A total of about 670 acres of wetlands would continue to be affected 
in the Pen Branch floodplain and delta; canopy losses would continue at the 
rate of about 26 acres per year. 

Most aquatic invertebrate species would be absent from Indian Grave Branch and 
Pen Branch during reactor operations (DOE. 1984), Benthic invertebrate 
species would be more abundant in the delta area than in the main channel of 
Pen Branch (Du Pont, 1985b; Appendix C). Resident populations of fish 
(sunfish, shiners, bullheads, etc.) would be present in the upper reaches of 
Pen Branch above the confluence with Indian Grave Branch; some spawning could 
continue (DOE, 1984). No fish would be present in the reaches of the creeks 
below K-Reactor during discharges of heated effluents; in addition, population 
numbers would be smaller in the swamp/delta area during reactor operation. 
Fish would be found in cooler refuge areas along the shoreline of the main 
thermal channels. The heated discharge water would cause no impact to fish 
populations in the Savannah River* Ichthyopiankton would continue to be 
absent or at greatly reduced densities in Pen Branch. In the delta, the 
dominant ichthyopiankton would be mosquitof ish, which are found principally in 
the cooler refuge areas (DOE, 1984). 

Waterfowl use of Pen Branch would continue to be associated primarily with the 
T E delta and slough areas where the creek empties into the swamp. These areas, 
as well as much of the Savannah River swamp near the Plant, would continue to 
provide foraging habitat for migratory species during fall and winter, 

4.1.3,3 Entrainment and Impingement 

No action would result in the continued loss of an average 8.8 x 10 fish 
larvae and 4,6 x 10 & fish eggs each year (DOE, 1987), The principal taxa 
BB-3 entrained as larvae would be expected to be the clupeids (shad, herring, 
etc.), the centrarchs (crappie, sunfish, etc.), and the cyprinids (carp, 
etc.). The eggs of the American shad and the striped bass would be entrained 
most often. 
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The estimated average impingement on the intake screens of the 1G and 3G 
pumphouses (which provide cooling water to K- and C-Reactors) would be about 
5885 fish per year, half (2942 fish) of which would be attributed to 
K-Reactor, based on 1983-1985 investigations (DOE, 1987). The principal 
species would be bluespotted sunfish and threadfin shad; gizzard shad, 
redbreast sunfish, and warmouth would also be impinged frequently. 

4.1.3.4 Threatened and Endangered Species 

Although temperatures in the thermal affected areas of Indian Grave Branch and 
Pen Branch would exceed the critical thermal maximum for the American 
alligator, a few individuals could occupy cooler refuges along the margins of 
the creeks and delta (DOE, 1984). The wood stork should not inhabit Pen 
Branch during reactor operations because the habitat would not be suitable for 
foraging; however, wood stork have been observed during perio.ds of extended 
reactor shutdowns. 
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4.2 ALTERNATIVES FOR C-REACTOR 



The cooling water alternatives for C-Reactor are identical to those for 
K-Reactor (i.e. , a once-through cooling tower, recirculating cooling towers, 
and no action). In many instances, the expected environmental consequences 
resulting from construction and operation of the alternatives are identical or 
similar. The following sections describe expected environmental consequences 
of the alternatives for C-Reactor that differ from those expected for 
K-Reactor. 
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4.2.1 ONCE-THROUGH COOLING TOWER 

As discussed for K-Reactor, design evaluations and studies were performed to 
optimize the performance and achieve cost savings in the construction and 
operation of once-through cooling towers without introducing major changes in 
the nature or magnitude of environmental impacts. The following discussion 
emphasizes differences between the construction and operational impacts of 
cooling-water alternatives for K- and C-Reactors. 

4.2.1.1 Construction Impacts 

Socioeconomics 
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The construction of a once-through cooling tower for C-Reactor would be 
accomplished in approximately 36 months, after a 9-month lead design period. 
Construction could involve a combined workforce for the towers in both K- and 
C-Areas. The estimated peak construction work for C-Reactor alone is 200 
persons . 
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Historic and Archaeological Resources 

The most recent archaeological and historic resources survey of the Four Mile 
Creek watershed area was conducted from May through August 1984, as described 
in Appendix E; this survey located 25 sites in the watershed. The 
implementation of the once-through coo ling- tower alternative would disturb 
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only one site (38BR548) in the Four Mile Creek area. Site 38BR548 is a small 
prehistoric lithic and ceramic scatter located on a terrace edge adjacent to 
the bank of the northern branch of Four Mile Creek. No impact mitigation has 
been recommended for this site , because the potential yield of additional 
research information is negligible. 

Water Quality 

The water quality impacts from construction of a once- through cooling tower 
for C-Reactor would be the same as those described for K-Reactor (Section 
4.1.1.1). 

Ecology 

For a once™ through cooling tower with gravity feed, approximately 35 acres of 
existing habitat would be disturbed by construction. Most of the affected 
habitat lies north of SRP Road 3 and is characterized by dense shrub, 
intermixed with pine 4 meters tall. The area south of SRP Road 3 contains 
mixed pine and hardwood forest with a sparse understory. No effects are 
expected on vegetation outside the immediate construction area. The effluent 
canal from the cooling tower to Castor Creek would require the removal of 
about 0*5 acre of bottomland 
yellow poplar. 
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The potential effects on fish and wildlife from the construction of a 
once- through coo ling- tower system would be similar to those associated with 
K-Reactor (see "Ecology" in Section 4.1.1.1). 



Radiological Releases 

During the construction of the once— through cooling tower, there would be no 
changes in the atmospheric and liquid releases of radionuclides. Reactor 
operation and the flow rate in Four Mile Creek would remain the same. There 
would be no changes in reactor releases or remobilization of radionuclides 
from the stream bed and, consequently , radiation doses to the of f site 
population would not change. 

As discussed in Section 4.1.1.1, construction personnel for the tower would 

TC experience levels of radiation slightly elevated above background from the 

operation of Plant facilities, which is estimated to be approximately 20 
minirem per year. 

Other Construction Impacts 

Other construction impacts would be similar to those described for K-Reactor 
(i.e. , air quality , noise, solid waste, and onsite construction personnel 
exposure to radioactive releases) . All applicable atmospheric emission 
standards would be met during construction, solid waste generated from 
construction would be disposed of in an approved manner, and fueling and 
maintenance of construction enuinment would be nprfnrm^H nnHpr rnntrnl IpH 
conditions to minimize spills. 



performed 
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A. 2. 1.2 Operational Impacts 
Socioeconomics 



The small number of additional workers (four) associated with the operation of 
the once-through cooling tower at C -Reactor would not cause any noticeable 
socioeconomic impacts in the study area. 

Historic and Archeological Resources 

The operation of a once- through cooling tower for C-Reactor would not impact 
any historic or archaeological resources. Anticipated flows in Four Mile 
Creek would be nearly the same as those at present, with little change in 
stream morphology. An archaeological and historic resources survey in the 
Four Mile Creek watershed area located no significant sites requiring impact 
mitigation (Appendix E), 

Water Quality and Hydrology 

The once- through cooling tower would impact water quality in Castor and Four 
Mile Creeks and the Savannah River swamp primarily by lowering ins t ream 
temperatures to meet the State of South Carolina's Class B water classi- 
fication standard of 32.2°C. Water temperatures from the tower discharge 
would be at a maximum of about 32°C (Table 2-4) under extreme summer 
conditions* During an average summer (June-August), the water discharged from 
the tower would be about 29 °C , which compares to an ambient creek 
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The cooling tower would be designed and operated in a manner that would meet 
the Maximum Weekly Average Temperature (MWAT) criteria (EPA, 1977) to minimize 
thermal shock of fish that could occur with a reactor outage (Muhlbaier, 
1986 ) . Because expected instream temperatures during winter and spring 
average conditions would be raised more than 2*8°C above ambient due to the 
operation of the cooling-tower system, a Section 316(a) Demonstration study 
would be performed after construction and submitted to SCDHEC; this study 
would demonstrate if effluent temperature conditions would ensure the 
protection and propagation of a balanced indigenous population of fish and 
wildlife in and on the waters affected by the discharge. 

Cooling water discharges from the once- through cooling tower would raise 
dissolved oxygen concentrations and lower total suspended solids in the same 
manner as that described for the K-Reactor once- through cooling tower. 
Effluents discharged would be similar to those associated with the present 
once-through system except that nonvolatile constituents would be slightly 
more concentrated due to evaporation losses of water in the tower. Chlorine 
biocide would be added to reactor cooling water to prevent biofouling of the 
cooling towers; it would be neutralized with sodium sulfite prior to discharge 
to Castor Creek* As discussed for K-Reactor, no adverse effects are expected 
on aquatic biota or water quality from these additions. Discharges would meet 
all NPDES permit limits ♦ When C-Reactor is not operating, the concentrations 
of chemical pollutants in Four Mile Creek would not change appreciably in the 
absence of the cooling water discharge because the stream meets state Class B 
water classification standards under these conditions (see Section 3*3.3; 
Du Pont, 1985b). 
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Operation of the once- through cooling- tower system would result in the same 
small changes in the hydrology of Four Mile Creek and the associated swamp as 
i-^A 0a Hp.cirrihpri for K-Reactor. The changes would not adversely imoact the 
BC~10 stream system because the flow would be reduced only about 0,8 cubic meter per 
second when the reactor is operating. When C-Reactor is not operating, the 
stream flow in Four Mile Creek would continue to be reduced from 11.3 to 0*6 
cubic meter per second, on average. 

Air Quality 

The operation of a once-through natural-draft cooling tower at C-Reactor could 
result in the formation of ground-level fog, ice, elevated visible plumes, and 
total-solids (drift) deposition on the ground . As discussed in Section 
4.1.1.2 and Appendix B, a computer model (Fisher, 1974) was used to predict 
the atmospheric effects of cooling-tower operation. 

The predicted maximum annual mean frequency of reduced ground-level 
visibility, maximum ice accumulation on horizontal surfaces, and the 
jq calculated maximum occurrence of visible plumes aloft (primarily on SRP Road 

3) would be essentially the same as those presented for K-Reactor in Section 
4.1.1.2. The calculated maximum occurrence would be 50 hours per year within 
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1,5 kilometers of the cooling tower- primarily on SRP Roads A-7 



3 - and 5 ♦ 
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The calculated maximum annual total-solids deposition within 2 kilometers of 
the cooling tower would be about 0.5 kilogram per acre per year, the same as 
that for K-Reactor. 



Noise 
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The operation of a once- through natural -draft cooling tower with gravity feed 
at C-Reactor would cause increases in noise levels* Cooling-tower noise would 
come from falling water. Beyond approximately 152 meters from the cooling 
tower, average sound levels would be below 70 decibels. [Continuous exposure 
to 70 decibels or less has been determined to cause no loss of hearing (EPA, 
1974).] At the nearest of f site area, noise from C-Reactor activities would 
not be detectable. 



Ecology 

Vegetation and Wetlands 
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Deposition of drift from a once-through cooling tower for C-Reactor would be 
similar to that projected for K-Reactor (about 0.5 kilogram per acre per year 
within 2 kilometers ) . No adverse impacts on vegetation are expected because 
maximum deposition rates are well below critical values. 

The most significant positive impact on vegetation from the operation of a 
once-through cooling tower would be a reduction in the loss of wetland habitat 
due to thermal discharges ; losses due to sedimentation would continue . 
However, sedimentation rates in the delta and the total suspended solids 
discharged to Four Mile Creek would both be reduced. Portions of the delta 
would revegetate when the water temperature was reduced. There would be 
limited reestablishment of upstream wetland communities along Four Mile Creek 
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because the stream would still be subject to variable flows. From 1955 
through 1984, about 1147 acres of wetlands were affected in the Four Mile 
Creek f loodplain and swamp due to thermal discharges and flooding (Du Pont. 
1985b, 1987; Appendix F), with an average loss of about 28 acres per year in 
the swamp. The operation of a once-through cooling tower would eliminate both 
additional losses in the stream corridor and thermal effects - one of the 
three major factors (the others are flooding from reactor operation and river 
flooding) - responsible for continuing swamp canopy loss (Du Pont, 1985b, 
1987). ^ The reduction in effluent temperatures would, therefore, have a 
beneficial impact on wetland communities by significantly reducing wetland 
loss. 

The operation of the gravity-feed tower would result in about 1.5 kilometers 
of Castor Creek upstream of the discharge reverting to natural stream 
conditions, because the tower discharge would be located about 1.5 kilometers 
downstream from C -Reactor* 



To assist in ongoing consultations with FWS, a HEP analysis (Mackey et al., 

1987) was conducted; it identified the value of habitat to be gained or lost 

with the once- through coo ling- tower alternative (see Section 4,6 and 
Appendix C for more details on HEP analysis). 
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Aquatic Habitat and Biota 



The environmental consequences resulting from the operation of a once-through 
cooling-tower system on aquatic habitat and biota in Four Mile Creek and 
Castor Creek would be similar to those described for K-Reactor with this 
alternative. 



TC 



Entrainment and Impingement 

The estimated numbers of ichthyoplankton entrained and fish impinged from the 
operation of the once-through cooling-tower system for C-Reactor would be the 
same as those described for K-Reactor, because the two reactors draw cooling 
water from the same sources (1G and 3G canals) and would require the same 
circulating water volume. 



Threatened and Endangered Species 
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The operation of the once-through cooling-tower system would not impact the 
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red-cockaded woodpecker colony has been located in the Four Mile Creek area* 



The first sighting of an active bald eagle nest on the SRP occurred on June 5, 
1986* The nest is below Par Pond dam in the Lower Three Runs Creek drainage 
basin. Because of the nest location and due to the implementation of 
management practices in accordance with the guidelines of the 1984 bald eagle 
recovery plan, the FWS issued a finding of "no effect" for this species in 
1986 (Henry, 1986), 
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The American alligator occurs on the SRP site in both flowing waters and lake 
environments. Mildly thermal water appears to attract alligators, 
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particularly during the winter. Under current reactor operating conditions , 
the water temperature in Four Mile Creek exceeds the critical thermal maximum 
(38°C) for American alligators, thus precluding their presence (Sires, 
1984) * The operation of a once-through cooling-tower system would Lower the 
temperature in the reaches of Four Mile Creek well below the alligator ' s 
critical thermal maximum temperature, thus improving the habitat for this 
species. However, fluctuating water levels and flow rate could inundate the 
nests, eggs, and hibernation sites • 

As discussed for K-Reactor, the operation of a once-through cooling tower for 
C-Reactor would produce no adverse impacts on the shortnose sturgeon. 

Based on studies of the endangered wood stork since 1983, this species forages 
in the SRP swamps and streams (Meyers, 1984; Coulter, 1986). In 1985, most 
wood storks foraged in the Four Mile Creek delta and in the swamp between Pen 
Branch and the Four Mile Creek delta following shutdown of C-Reactor in June 
(Du Pont, 1987) . However, low fish densities, high water temperatures, and 
increased water depths from existing reactor operations generally limit the 
value of the creek and the adjacent swamp for wood stork foraging. Impacts to 
Four Mile Creek wood stork habitat resulting from the implementation of this 
alternative would be similar to those for the implementation of the same 
alternative for K-Reactor, Although the stream would be more attractive to 
fish and other vertebrates, the implementation of this alternative would not 
significantly improve the availability of wood stork foraging habitat because 
of high flows and water depth* 



BC-3 



Formal consultations were held between DOE and the FWS to comply with the 
Endangered Species Act of 1973. Based on these consultations , the FWS issued 
a biological opinion that the preferred alternative cooling systems should 
have no effect on endangered and threatened species (Parker, 1986; Henry, 
1986), 



Radiological. Releases 

The radiological releases associated with the discharge of cooling water from 
C-Reactor are those resulting from either the remobilization of radionuclides 
contained in the Four Mile Creek streambed and floodplains, or those resulting 
from small process water leaks into the cooling water, 

BC-22 A s in the K-Reactor evaluation, the operation of the once- through cooling 
tower at C-Reactor would not result in any significant changes in the 
remobilization of radionuclides contained in the streambeds and floodplains, 
because the flow rate of cooling water discharged to the creek would remain 
essentially unchanged. The operation of the cooling tower would, however, 
decrease the amount of tritium discharged to the stream and, correspondingly, 
would increase the amount of tritium released to the atmosphere. 

Appendix G contains details of the dose assessment methodology and parameters; 
it also contains tables that list specific organ doses by pathway and age 
group. 
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Atmospheric Releases 

The amount of tritium released to the atmosphere is expected to increase by 
50 curies per year (about 0.012 percent of total SRP releases of tritium to 
the atmosphere) as a result of the cooling water evaporation. This release 
would increase the atmospheric dose commitments of the regional population and 
the maximally exposed individual. Changes in dose commitments resulting from 
the increased release of atmospheric tritium are summarized below. 

Maximum Individual Dose - The hypothetical individual who would receive the 
highest effective whole-body dose from atmospheric releases associated with 
this cooling alternative is assumed to reside continuously at the SRP boundary 
about 9*3 kilometers southwest of C -Reactor. This location has the minimum 
atmospheric dilution, based on distance to the Plant boundary and meteoro- 
logical dispersion characteristics. This individual is assumed to receive the 
doses by inhalation and by the ingestion of meat, vegetation, and cow's milk. 
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The annual increases in soft-tissue and effective whole-body doses to the 
maximally exposed individual due to the atmospheric release of tritium are 
summarized in Table 4-16. 



Table 4-16, 



Increase in Annual Doses to Maximally 
Exposed Individual Resulting from 
Atmospheric Releases of Tritium from 
C-Reactor Once-Through Cooling Tower 



Incremental dose increase (mrem/yr) 





Effective whole 




Age group 


body 


All soft tissue 3 


Adult 


1.08 x 10~ 4 


1.27 x 10" 4 


Teen 


1.17 x 10"' 


1.37 x 10"" 


Child 


8,09 x 10" 5 


9.51 x 10~ 5 


Infant 


2.40 x 10" 5 


2.82 x 10" 5 


a* Tritium 
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tissues (i.e., all organs except bone) that is 
18 percent higher than the effective whole-body 
dose. 



Population Dose - Collective doses resulting from atmospheric releases 
associated with this cooling alternative have been calculated for the 
population within 80 kilometers of the Plant, The annual collective dose to 
this population would increase by 4.97 x 10" 3 person-rem as a result of the 
increase in tritium released to the atmosphere. 
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Liquid Releases 

The operation of the once-through cooling tower would reduce the amount of 
tritium released to Four Mile Creek. The release of tritium would.be 
decreased by 50 curies per year (about 0.12 percent of total releases of 
tritium to streams) as a result of evaporation experienced during cooling. 
Doses associated with the change in liquid releases are discussed below for 

bOtll ttie population eiuu me mhiaj.uici.l-l^ cApuoi-u j.hu. j. » >^^" ■*■ - 

Maximum Individual Dose - The annual decrease in soft-tissue and effective 
whole-body doses received by the maximally exposed individual (as described in 
Section 4,1.1.2) due to a decrease in the liquid release of tritium from 
C-Reactor would be the same as that for K-Reactor, which is summarized in 
Table 4-3. 

Population Dose - Decreases in the collective dose to the population within 80 
kilometers of the SRP and to the Beaufort-Jasper and Port Wentworth population 
groups due to a decrease in the liquid release of tritium from C-Reactor would 
be the same as those for K^Reactor, which are listed in Table 4-4. 

Overall Changes in Offsite Doses 

Table 4-17 summarizes changes in the effective whole-body dose received by the 
maximally exposed individual resulting from the operation of this cooling 
alternative. Changes in the collective dose resulting from the operation of a 
cooling tower at C-Reactor would be the same as those for K-Reactor, which are 
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Table 4-17. 



Changes in Effective Whole-Body Dose Received by Maximally 
Exposed Individual Resulting from Operation of C-Reactor 
Once-Through Cooling Tower (Millirem per Year) a 



Source of exposure 



Adult 



Teen 



Child 



Infant 



Atmospheric tritium 1,08 x 10 
releases 



- a 



1.17 x 10 



- A 



8.09 x 10 



- 5 



2.40 x 10 



- s 



Liquid tritium 
releases 

Net dose change 



-2.19 x 10 



~a { b ) 



-1.11 x 10 



-1.54 x 10 



- 4 



-3.70 x 10 



- A 



-1.50 x 10"" -9.52 x 10 



- 5 



-6.91 x 10"' -7.12 x 10 



- s 



- 5 



a. Tritium imparts a dose to soft tissues (i.e., all organs except bone) that 
is about 18 percent higher than the effective whole-body dose. 

b. Negative sign denotes a decrease in dose. 
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This cooling alternative would reduce the annual dose to the effective whole 
body of the maximally exposed adult and to Port Wentworth and Beaufort-Jasper 
water users by 1.11 x 10" 4 millirem, 2.13 x 10 " z person-rem, and 
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1.13 x 10" person-rem, respectively, and would increase the collective 
effective whole-body dose to the 80-kilometer population by 4*95 x 10" 3 
person-rem* These dose changes are very small in comparison to the normal 
year-to-year variations in natural background radiation. 

Present tritium releases to the Savannah River from Four Mile Creek result in 
an effective whole-body dose of 5.92 x 10" 2 millirem per year to the 
maximally exposed adult. This alternative would reduce the liquid tritium 
dose by 2.19 x 10 millirem per year and increase the atmospheric dose by 
1*08 x 10 millirem per year, resulting in an overall reduction of 1.11 x 
10" millirem per year. 



Health Effects 



Using the risk estimators referred to in Section 4*1.1.2 and the organ doses 
presented in Appendix G, the population within 80 kilometers of the SRP could 
experience an annual increase of 5.82 x 10" 7 excess cancer fatality and 1.50 
x 10 additional genetic disorder from the operation of this alternative 
cooling water system. The populations at Beaufort-Jasper and Port Wentworth 
downstream from the Plant could experience decreases of 3.84 x 10~ 6 fatal 
cancer and 9.87 x 10" 6 genetic disorder per year. Changes in annual health 
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same as those for K-Reactor, which are listed in Table 4-7. 

4.2.2 RECIRCULATING COOLING TOWERS 

4.2,2.1 Cons t rue t ion Impac t s 

Socioeconomics 

Construction of the recirculating cooling towers for C-Reactor would be AO-1 
accomplished in approximately 42 months following a 9-month design stage. BC-9 
Construction could involve a combined construction workforce for the cooling 
towers in K- and C -Areas. Section 4.1.2.1 describes the numbers and general 
types of workers required for construction of recirculating cooling towers for 
both K- and C-Reactors. This alternative would not impact local communities 
or services. 

Historic and Archaeological Resources 

Th<a rrin c t" rnr +■ i" r*~n ^ f" t-£**-*-T 1-^*1 1 of- -f-n™ ^ **» « 1 ■? 1-1 -r* i- -^._ T .-. ■*-,-. ..,«.. _1 j j * ^ * ,t. 1 — ~ . _ • j 

(38BR548) in the Four Mile Creek area. Site 38BR548 is a small prehistoric 
lithic and ceramic scatter located on a terrace edge adjacent to the bank of 
the northern branch of Four Mile Creek. No impact mitigation has been 
recommended for this site, because the potential yield of additional research 
information is negligible (see Appendix E for more details). 

Water Quality 

The construction impacts of recirculating cooling towers on the water quality 
in Four Mile Creek would be the same as those described for a recirculating 
cooling tower for K-Reactor (Section 4.1.2.1), The principal impact would be 
some temporary localized increases in the suspended solids in the streams due 
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to runoff and erosion from construction activities* The application of 
standard erosion control practices would minimize these temporary effects. 
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Ecology 

The construction of recirculating cooling towers would result in the 
disturbance of approximately 60 acres of the habitat* This would include 21 
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remainder for the relocation of various facilities and for construction of 
service roads and parking areas. No adverse effects are expected on 
vegetation outside the immediate construction areas* Impacts on fish and 
wildlife from the construction of recirculating cooling towers would be 
similar to those associated with the construction of a once- through cooling 

tower* 
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Radiological Releases 

During the construction of recirculating cooling towers for C-Reactor, there 
would be no changes in the atmospheric and liquid releases of radionuclides. 
Reactor operation and the flow rate in Four Mile Creek would remain the same. 
There would be no changes in reactor releases or remobilization of 
radionuclides from the stream bed and, consequently, radiation doses to the 
offsite population would not change* 

The only change would be in doses delivered to onsite construction personnel, 
as discussed in Section 4*2.1.1* This dose, estimated to be approximately 20 
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areas of 25 millirem per year from airborne releases and 100 millirem per year 
from all pathways* 



Other Construction Impacts 

Other construction impacts would be similar to those described for a 
once-through cooling-tower system for K-Reactor (i.e. , air quality, noise, 
solid waste, and outside construction personnel exposure to radioactive 
releases)* All applicable atmospheric emission standards would be met during 
construction, solid waste generated from construction would be disposed of in 
an approved manner, and fueling and maintenance of construction equipment 
would be performed under controlled conditions to minimize spills. 

4*2,2,2 Operational Impacts 

Socioeconomics 

Six additional mechanics would be required to support the operation of 
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would not cause any socioeconomic impacts in the study area* 
Historic and Archeological Resources 

Operational activities related to recirculating cooling towers for C -Reactor 
would not impact any historic and archaeological resources. During the 
operation of the towers, cooling water effluent flows in Four Mile Creek would 
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be reduced significantly. An archaeological and historic resources survey in 
the Four Mile Creek watershed area located no significant sites requiring 
impact mitigation. 



Water Quality and Hydrology 

The effects of the operation of recirculating cooling towers on water quality 
would be similar to those described for K-Reactor (see Section 4.1.2.2). The 
operation of recirculating cooling towers would lower discharge temperatures 
such that the State of South Carolina's Class B water classification standard 
for maximum ins t ream temperature (32.2°C) would be met throughout the year. 
However, the discharge from the cooling tower would raise the stream temper- 
ature in Four Mile Creek more than the 2.8°C maximum above ambient specified 
in the water classification standards. Accordingly, a Section 316(a) 
Demonstration study would be performed to demonstrate if a balanced biological 
community would be maintained* The flow of Four Mile Creek would be reduced 
from 11.3 to 1*7 cubic meters per second, similar to that described for Pen 
Branch with the operation of recirculating towers for K-Reactor (see Section 
4.1.2.2). 
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Air Quality 



Air quality impacts from the operation of recirculating cooling towers at 
C-Reactor would be identical to those addressed in Section 4*1.2.2 for the 
K-Reactor recirculating cooling-tower. 
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Noise 

The operation of the C-Reactor recirculating cooling towers would cause 
increases in noise levels* The impacts would be similar to those described in 
Section 4,1*2*2. 

Ecology 

Vegetation and Wetlands 



The vegetation near the recirculating cooling towers would not be affected 
adversely by drift from the towers- Operation of the recirculating cooling 
towers would result in an estimated total solids deposition of about 
2.2 kilograms per acre per year within 2 kilometers and 22.7 kilograms per 
acre per year within 0.5 kilometer of the cooling towers * Because these rates 
would be much less than the critical values , no significant impacts on 
vegetation should occur with this alternative* 
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The primary positive impact on vegetation would be a reduction in the loss of 
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operation of recirculating cooling towers would reduce the rate of growth of 
the delta and allow the reestablishment of vegetation through the process of 
natural succession for an estimated 1000 acres of wetland habitat that are 
presently subject to thermal discharges and flooding. 



To assist in ongoing consultations with FWS, a HEP analysis (Mackey et al . , 
1987) was conducted; it identified the value of habitat to be gained or lost 
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with the recirculating cooling-tower alternative (see Section 4.6 and 
Appendix C for more details on HEP analysis)- 

Aquatic Habitat and Biota 

The environmental consequences resulting from the operation of a recirculating 
cooling-tower system on aquatic habitat and biota in Castor and Four Mile 
p^^c unniH h>& fiimibr tn thosR described for Indian Grave Branch and Pen 
Branch from K-Reactor discharges* 



Entrainment and Impingement 

The estimated numbers of ichthyoplankton entrained and fish impinged from 
operation of the recirculating cooling-tower system for C-Reactor would be the 
same as those described for K-Reactor because both reactors draw cooling water 
from the same sources (1G and 3G canals) and would require the same 
circulating water volume. 

Threatened and Endangered Species 

Implementation of the recirculating alternative would result in a reduction of 
the effluent discharge in Four Mile Creek from about 11.3 to about 1.7 cubic 
meters per second. This would allow the stream channel to revert approxi- 
mately to its original width, and would allow fish and invertebrates to 
inhabit the stream channel. Habitat quality for the American alligator would 
be markedly improved over present conditions; inundation of nests, eggs, and 



hibernation 






Formal consultations were held between DOE and the FWS to comply with the 
Endangered Species Act of 1973. Based on these consultations, the FWS issued 
a biological opinion that the preferred alternative cooling systems should 
have no effect on threatened and endangered species (Parker, 1986; Henry, 
1986). 

Radiological Releases 

Appendix G contains details of the dose assessment methodology and parameters; 
it also contains tables that list specific organ doses by pathway and 
a g e _g rou p. The operation of recirculating cooling towers would reduce the 
flow rate of cooling water in Four Mile Creek and, therefore, decrease the 
amount of radionuclides being remobilized from the stream bed and transported 
to the Savannah River. The only radionuclide contained in the Four Mile Creek 
bed in significant amounts is cesium-137 (Appendix D). The reduced flow would 
result in a decrease of about 0.21 curie of cesium-137 released per year to 
the Savannah River* 

Maximum Individual Dose - Table 4-18 lists the changes in effective-whole-body 
and most-affected-organ (gonads) doses to the maximally exposed individual 
resulting from the decrease in cesium-137 released to the Savannah River. 

Population Dose - Table 4-19 lists the decreases in the collective doses 
delivered to the affected population groups. 
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Table 4-18, 



Decrease in Doses to Maximally Exposed Individual 
Resulting from Cesium Redistribution Associated 
with C -Reactor Recirculating Cooling Towers 



Incremental dose reduction (mrem/yr) 



Age group 



Effective whole body 



Gonads 



Adult 

Teen 

Child 

Infant 



1.20 x 10~ l 

9.21 x 10" 2 
4,00 x I0~ 2 
3*86 x 10" 4 



1.20 x 10' J 
9*23 x 10~ 2 
4.01 x 10" 2 
3.86 x 10"' 



a. 



Dose to gonads is directly comparable to soft tissue doses 
resulting from tritium, because tritium imparts an equal 
dose to all soft tissues (i*e. 4 all organs except bone). 



Table 4-19- 



Decrease in Collective Effective 
Whole-Body Dose Resulting from 
Cesium Redistribution Associated 
with C-Reactor Recirculating 
Cooling Towers 



Population group 



Incremental 

collective dose reduction 

(person-rem/yr) 
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80-km population 
Beaufort- Jasper 
Port Wentworth 



3.35 x 10 
1.83 x 10 
6.67 x 10 



- 1 

-2 



- Z 



Total 



4*20 x 10 



- 1 



Tritium Releases 

The following sections discuss changes in the doses to the maximally exposed 
individual at the SRP boundary and to offsite population groups (based on year 



2000 projections) that axe attributable to changes in atmospheric and liquid 



releases to Four Mile Creek 
recirculating cooling towers. 



of tritium resulting from operation of 



Atmospheric Releases - The amount of tritium released annually to the 
atmosphere is expected to increase by 425 curies (about 0.1 percent of total 
SRP releases of tritium to the atmosphere) as a result of evaporation 
experienced during cooling. This would increase the atmospheric dose 
commitments of the regional population and the maximally exposed Individual, 



4-51 



Changes in dose commitments resulting from the 
atmospheric tritium are summarized below. 



increased release of 



Maximum Individual Dose - The hypothetical individual who would receive the 
highest effective whole-body dose from atmospheric releases associated with 
this cooling alternative is the same as that described in Section 4.2.1.2* 

Table 4-20 summarizes the annual increases in soft-tissue and effective 
whole-body doses received by the maximally exposed individual due to the 
atmospheric release of tritium. 



Table 4-20. 



Increase in Annual Doses to Maximally Exposed 
Individual Resulting from Atmospheric Releases 
of Tritium from OReactor Recirculating 
Cooling Towers 



Incremental dose increase (mrem/yr) 



Age group 



Adult 
Teen 
Child 
Infant 



Effective whole body 



All soft tissues 



9,15 x 10 
9,91 x 10 
6.87 x 10 
2,03 x 10 



- 4 



-A 



- 4 



-A 



1.08 x 10 
1.17 x 10 

8.09 x 10 
2.40 x 10 



- 3 
-3 



-A 



- 1 



a. 



Tritium imparts an equal dose to all soft tissues (I.e., 
all organs except bone) that is 18 percent higher than the 
effective whole-body dose. 
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Population Dose - Collective effective whole-body doses to the population 
within 80 kilometers of the SRP associated with this cooling alternative would 
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increase Dy *k zz x iu person-rem per year as a. 
tritium released to the atmosphere. 

Liquid Releases - The operation of this cooling alternative would reduce the 
amount of tritium released to the stream by 425 curies per year (about 1 
percent of the total SRP releases of tritium to streams) as a result of 
evaporation of cooling water. Doses associated with the change in liquid 
releases are discussed below for both the population and the maximally exposed 
Individual . 

Maximum Individual Dose - The annual decrease in soft-tissue and effective 
whole-body doses received by the maximally exposed individual due to a 
decrease in the liquid release of tritium from C-Reactor is the same as that 
for K-Reactor , which is summarized in Table 4-11 . 

Population Dose - Decreases in the effective whole-body dose to the population 
within 80 kilometers of the SRP and to the Beaufort-Jasper and Port Wentworth 
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population groups due to a decrease in the liquid release of tritium from 
C-Reactor would be the same as those for K-Reactor, which are listed in Table 
4-12. 

Overall Changes in Offsite Doses 




Table 4-21* 



Changes in Effective Whol^-EoHv ^nrl dnn^rl^l Fincpc Rp^ivp^ 
by Maximally Exposed Individual Resulting from Operation of 
C-Reactor Recirculating Cooling Towers (millirem per year) 



Source of exposure 



Adult 



Teen 



Child 



Infant 



EFFECTIVE WHOLE-BODY DOSE INCREMENT 



atmospneric tritium 

releases* 
Liquid tritium 

releases* 
Cesium transport 

Net dose change 



9.15 x 10 



-4 



•1.85 x 10" 3<b> 
■1.20 x 10" 1 



-1.21 x 10 



- i 



9.91 x 10 



-1.31 x 10 
-9.21 x 10 



-9.24 x 10 



- 4 



-3 

-2 



- 2 



6.87 x 10"' 2.03 x 10" 4 



-3 



-1.27 x 10~ J -8.06 x 10 



- A 



-2 



-4.00 x 10 -3.86 x 10 



-2 



-4.06 x 10 6 -9.89 x 10 



- 4 
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GONADAL DOSE INCREMENT' 



Atmospheric tritium 

releases 9 
Liquid tritium 

releases* 
Cesium transport 



1.08 x 10 



- 3 



2.18 x 10" 3 
1.20 x 10" ' 



1.17 x 10 



-1.53 x 10 
-9.23 x 10 



- 3 



- 3 

- 2 



8.09 x 10 



-1.50 x 10 
-4.01 x 10 



-4 



- 3 
-2 



2.40 x 10 



-9.48 x 10 
-3.86 x 10 



- 4 



- 4 



- 4 



BC-22 



Net dose change 



-1.21 x 10 



- 1 



-9.27 x 10 



- 2 



-4.08 x 10 



- 2 



-1.09 x 10 



- 3 



a. 

b. 

c. 



that 



Tritium imparts a dose to soft tissues (i.e., all organs except bone) 

is about 18 percent higher than the effective whole-body dose. 

Negative sign preceding number denotes a decrease in dose. 

Gonadal dose is directly comparable to soft tissue doses resulting from 

tritium since tritium imparts an equal dose to all soft tissues (i.e., 

all organs except bone). 



The recirculating cooling-tower alternative would reduce the annual effective 
whole-body dose to the maximally exposed adult by 1.21 x 10" 1 millirem, and 

tive whole-body dose to the 80-kilometer population and 
Port Wentworth and Beaufort-Jasper water users by 2.93 x 10" l , 2 49 x 
10" \ 
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the 



Wentworth ai 
and 1.14 x 10 



person-rem per year, respectively. These changes 
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Table 4-22. 



Changes in Collective Effective Whole-Body Dose 
Resulting from Operation of C-Reactor Recirculating 
Cooling Towers (Person-rem per Year) 



80-kilometer 
Source of exposure population 



Atmospheric trit- 
ium releases 



Beaufort 

Jasper 



Port 
Wentworth 



EFFECTIVE WHOLE-BODY DOSE INCREMENT 



4.22 x 10 



-2 



Total 



4.22 x 10 



- 2 



Liquid tritium 
releases 

Cesium transport 

Net dose change 



-2.09 x 10 



-3.35 x 10 



2,93 x 10 



-4(a) 



- 1 



- 1 



-9.58 x 10 



-1.83 x 10 



-2 



-2 



-1.82 x 10 



-6.67 x 10 



- 1 



- z 



-2.78 x 10 



-4.20 x 10 



-1.14 x 10~ l -2,49 x 10~ l -6.56 x 10 



- i 



- i 



- 1 



a. Negative sign preceding number denotes decrease in dose. 
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BC-22 



are very small compared 
background radiation. 



with normal year-to-year variation in natural 



- 2 



Present SRP operations result in an effective whole-body dose of 5*92 x 10 
millirem per year to the maximally exposed adult from tritium releases to the 
Savannah River from Four Mile Creek. This alternative would reduce the liquid 
tritium dose by 1*85 x 10~ 3 millirem per year and increase the atmospheric 
tritium dose by 9.15 x 10 ~ 4 millirem per year, resulting in an overall 
reduction of 9.35 x 10 -4 millirem per year. Similarly, the effective 
whole-body dose to the maximally exposed adult from cesium releases is 
1.37 x 10" millirem per year. This alternative would reduce this dose by 
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Health Effects 

Using the organ doses and the risk estimators discussed above and presented in 
Appendix G, the population within 80 kilometers of the Savannah River Plant 
could experience a decrease of 2.31 x 10' 5 cancer fatality and 7,37 x 10" 
genetic disorder per year from the operation of this system. The populations 
at Beaufort-Jasper and Port Wentworth downstream from the SRP could experience 
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x 10 genetic disorder per 



decreases of 3.98 x 10 J fatal cancer and 1.06 
year. Table 4-23 summarizes this information. 

4.2.3 NO ACTION - EXISTING SYSTEM 

The no-action alternative for C-Reactor would maintain the existing once- 
through cooling water system that withdraws water from the Savannah River (via 
the 1G and 3G intakes) and discharges it into Four Mile Creek. Chapter 3 
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Table 4-23. Changes in Annual Health Effects 



Genetic Fatal 
Population group disorders cancers 



80-kilometer radius -7.37 x 10" s -2.31 x 10" s TC 

Beaufort-Jasper -3.37 x 10" 5 -1.28 x KT 5 

Port Wentworth -7.22 x 10" 5 -2.70 x 10" 5 

Total -1.80 x 10" 4 -6.29 x 10" 5 



and Appendix C describe the environmental baseline conditions associated with 
this system* This section summarizes the major environmental impacts of the 
existing system. 

4*2.3,1 Water Quality and Hydrology 

The annual average flow in Four Mile Creek downstream of the C-Reactor cooling 
water discharge point would continue to be about 11.3 cubic meters per second 
higher than the natural stream flow of 0*6 cubic meter per second. The 
pattern of erosion upstream and deposition downstream would continue, and the 
delta at the stream mouth would continue to grow* 

Water temperatures in the creek downstream of the point of discharge from 
C-Reactor would have an annual average of about 38.5°C, Above the 
discharge, the mean temperature would be about 17.8°C. The highest 
temperatures would occur during extreme summer conditions, when the effluent 
»w UJ _« ^a^u <xl>»jul /^ ^, itix±±iig lu auouL 44 ^ at cne swamp . ftmDient 
stream temperatures would be about 31 °C at these times- In the winter 
months, temperatures in the creek and swamp would range from 72° to 35°C, 
while ambient stream temperatures would be about 11°C. These conditions 
would be present only when the reactor was operating. The continuation of the 
existing cooling water discharge from C-Reactor would not comply with the 
State of South Carolina's Class B water classification standards* 

Lowered dissolved oxygen concentrations would continue to exist as a result 
of elevated water temperatures in the creek. Mean annual oxygen levels 
downstream of the discharge would be about 6.6 milligrams per liter. 
Concentrations frequently would fall below minimum State Class B standards (5 
milligrams per liter) in portions of the creek primarily during reactor 
operations in the summer. 

Nutrient concentrations in Four Mile Creek generally would be higher than 
those that would occur naturally in these waterways because of the higher 
concentrations of these substances in the Savannah River water used for 
cooling. Nitrate levels are also higher (e.g., above the discharge point) due 
to effluents from the upstream process areas. The thermal reaches of Four 
Mile Creek would display mean concentrations of total phosphorus, ortho- 
phosphates, nitrite, and Kjeldahl (total) nitrogen slightly lower than 



TC 



4-55 



TC 



BD-5 



those of the Savannah River (but still higher than ambient creek levels) 
(Du Pont, 1985b). Ammonia concentrations in Four Mile Creek would also be 
slightly lower than in the river, but would still be about twice as great as 
those in nonthermal portions of the creek, 

4,2*3*2 Ecology and Wetlands 

Aquatic and adjacent terrestrial environments of Four Mile Creek would 
continue to be influenced by the thermal releases from C-Reactor. The flora 
along the creek would continue to be sparse, reflecting the influence of high 
flow and elevated water temperatures. In backwaters and shallow areas, thick 
mats of blue-green algae would continue to cover the bottom. Tag alder and 
wax myrtle would dominate the riparian vegetation. Further downstream toward 
the swamp, where the stream is braided over a marsh-like area and a few 
standing dead bald cypress remain, the deeper channels would be relatively 
free of vegetation, with thick growths of sedges along the banks. Mats of 
blue-green algae would also cover the shallower areas in these reaches. About 
1147 acres of wetlands would continue to be affected in the Four Mile Greek 
f loodplain and swamp; the loss of swamp and canopy would continue to proceed 
TC at the rate of approximately 28 acres per year (Du Pont, 1987). 

Most aquatic invertebrate species would continue to be absent from the creek 
due both to the high water temperatures during operations and to the scouring 
effect of the effluent flow. In the downstream delta and swamp areas, 
macro invertebrates would be present, but in lower species richness than those 

in ^nmno»*fln1 a amKi ant- avoac Fich wrml A nnt" i r»ViJi"hl t thf=> thprm^ 1 rfiflfiheK of 
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Four Mile Creek except when the reactor is not operating or during periods 
when the Savannah River floods into the SRP swamp. 

The fish fauna upstream of the discharge point would continue to be 
depauperate (i.e., poor or reduced) in both numbers and diversity. Fish would 
be expected to be in low abundance in the mouth of the creek except during the 
winter, when they are attracted to the warm water plume, making them vulner- 
able to cold shock when the reactor is shut down. Fish in the Savannah River 
would not be affected by the discharge plume from Four Mile Creek; a year- 
round zone of passage around the plume would be present in the river. 

High Savannah River flows would transport ichthyoplankton into thermally 
impacted portions of the swamp from adjacent unimpacted areas. In addition, 
some fish use thermally impacted areas for spawning during high river flows, 
because flow patterns for the heated water are altered dramatically during 
those periods (Du Pont, 1985b, 1987). 

Wildlife and habitat for wildlife in the Four Mile Creek delta system would be 
similar to those found in the Pen Branch area. 

A. 2.3.3 Entrainment and Impingement 

The estimated numbers of ichthyoplankton entrained and fish impinged as a 
result of use of the no-action alternative for C-Reactor would be the same as 

"f those described for this alternative with K-Reactor (Section 4.1.3.3) because 

the two reactors draw cooling water from the same sources (1G and 3G canals) 
and would require the same circulating water volume. 
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4.2.3.4 Threatened and Endangered Species 
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^...^cidLuiey xn cne tnermai region or tour Mile Creek during reactor 
operations would continue to exceed the critical thermal maximum for the 
American alligator (Du Pont, 1985b). Four Mile Creek and the swamp would 
continue to be unfavorable to wood stork foraging due to the low fish 
densities, high water temperatures, and increased water depths* Shortnose 
sturgeon larvae and adults have never been collected from Four Mile Creek and 
neither would be expected if the no-action alternative were implemented. 
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4.3 ALTERNATIVES FOR D-AREA COAL-FIRED POWERHOUSE 

The alternatives for the D-Area coal-fired powerhouse are increased flow with 
mixing, direct discharge to the Savannah River, and no action* The following 
sections describe the environmental consequences of these alternatives, 

4.3*1 INCREASED FLOW WITH MIXING 

4.3*1.1 Construction Impacts 

This alternative could be implemented immediately after compliance with 
applicable environmental approvals (Chapter 5). No construction activities 
would be required to implement this alternative; hence, there are no 
environmental impacts due to construction, 

4.3*1*2 Operational Impacts 

Socioeconomics 



ThlS alternatlVP wnnlH nrnHnrfl m 

require any additional workers for operation* 
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Historic and Archaeological Resources 

Operational activities related to this alternative would produce slight 
periodic increases in water flow in Beaver Dam Creek; however, no 
archaeological and historic resources would be impacted (Appendix E). 

Water Quality and Hydrology 

Water quality monitoring studies conducted in Beaver Dam Creek from 1973 to 
1982 have shown that, with the exception of temperature, all South Carolina 
Class B water classification standards have been met (Du Pont, 1985b), This 
cooling water alternative would discharge through NPDES-permitted outfall 
D-001, which has daily maximum discharge limitations of 40 milligrams per 
liter of total suspended solids and 15 milligrams per liter of oil and grease, 
and a temperature limitation of 32.2°C* 
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temperatures in downstream areas, including the swamp (see Section 2.2.3.1) 
and would meet all NPDES permit requirements at outfall D-001, with the 
exception of a maximum rise in ambient stream temperatures of 2.8°C during 
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the winter. A Section 316(a) Demonstration study would be performed to 
determine whether a balanced biological community would be maintained. Water 
temperatures in Beaver Dam Creek during the spring and summer would more 
closely approximate the normal temperature regime of unaffected streams in the 
area after the implementation of increased pumping to meet permitted 
requirements . 

Increased flow with mixing would produce temporary increases in suspended 
solids in the creek channel above the swamp due to the erosion of the 
streambed and banks or the resuspension of previously settled material caused 
by the intermittent increased flow. The total load of suspended material in 
Beaver Dam Creek, however, would be no higher than that experienced in 
previous years. This total loading would return to near previous levels after 
the stream channel has reached equilibrium, and the resultant stream water 
temperature would reduce heat-related loss of streambank vegetation. 

Increased flow with mixing could cause the flow in Beaver Dam Creek at the SRP 
Health Protection Department monitoring station to increase to 4.0 cubic 
meters per second (five pumps) during periods of peak summer temperatures . 
This would result in changes in stream morphology as a result of erosion and 
sedimentation, as well as the increased volume of water that would be carried 
a flfarmi HanH ir Ktf Mio i-T-ja^ir £nin*i f 1 ii r* t- 1 1^ f i nn .q nnw occur in the flows in the 

stream as a result of the powerhouse loads and/or maintenance outages. 
Generally, these changes are small and occur infrequently. 

To assess the potential impact of increased flows, DOE conducted a pump test 
in Beaver Dam Creek during a 7-day period in June 1985, Under normal 
conditions, three pumps at the 5G pumphouse provide cooling water to D-Area. 
During the test, one additional pump and then two additional pumps were 
brought into service to study the impacts on water levels in the swamp. Water 
levels were monitored at eight locations along the creek and in the swamp. 
The results of the test indicated that water levels in the upper and lower 
channels of the creek rose and then declined to some extent. With four pumps 
operating, the water level increased by about 10 centimeters within 8 hours 
and then declined by 2 centimeters during the next 2 days* Following the 
activation of the fifth pump, the total rise in the water level was initially 
17 centimeters over the pretest conditions; however, the water surface fell 
about 5 centimeters during continued pumping the next 5 days. Water levels in 
the swamp increased by 14 centimeters during the test and were still 
increasing at a rate of 0.5 centimeter per day when the pump test ended. With 
the increased flow alternative, pump tests indicate that the water ieveiS in 
Beaver Dam Creek and swamp should increase between 12 and 19 centimeters over 
present levels during those times when flow will be augmented (Specht, 1985). 

Air Quality and Noise 

Increased flow with mixing would produce a small increase in average noise 
levels in the immediate area of the pumps when increased pumping is required 
during the summer. At the nearest offsite area, the increased levels of noise 
would be negligible , In the area of the pumps and in other areas where 
workers might be exposed to equipment noise, workers would wear protective 
equipment in accordance with applicable standards and regulations* Increased 
flow with mixing would cause no increase in local atmospheric emissions of 
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pollutants due to the increased pumping, but would require additional 
electricity and attendant emissions. Emissions currently meet all applicable 
air quality standards. 

Ecology 

Habitat and Biota 



Balanced communities in all biotic categories presently exist in all natural 
portions of the Beaver Dam Creek ecosystem and should remain after the 
implementation of this alternative . Predicted maximum water temperatures 
would not exceed 32°C and, therefore, would comply with the maximum of 
_.<_,2 C required for Class B waters of South Carolina* However, the other 
temperature criterion for Class B waters (maximum AT of 2.8°C above 
ambient) would be exceeded by as much as an average monthly value of 10°C in 
the immediate discharge area and by as much as 7°C at the creek mouth (see 
Appendix B, Tables B-4 and B-5). Accordingly, a Section 316(a) Demonstration 
would be conducted for NPDES compliance after this alternative system becomes 
operational. 
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Increased flow during the summer should increase aquatic habitat and the 
abundance and diversity of aquatic biota. However 5 terrestrial wildlife 
habitat would be reduced and associated wildlife would be displaced 
temporarily during periods of increased pumping. An estimated 4 acres each of 
uplands and wetlands would be inundated temporarily because of intermittent 
flooding from increased flow* 



The increase in pumping probably would cause a temporary increase in the 
erosion of the stream channel. The adverse effects of siltation on aquatic 
organisms and their habitats are well documented (Ellis, 1936; Hynes, 1970; 
Marzolf , 1980; Adams and Beschta, 1980). These temporary increases in 
siltation could result in reduced primary productivity and reduced populations 
of some benthic invertebrates, and could reduce fish spawning and feeding 
habitat downstream if increased pumping were to occur during the spawning 
season* However, increased pumping probably would not be required during the 
peak spawning period of fish in Beaver Dam Creek. The expected erosion and 
the resulting siltation would equilibrate rapidly under an increased flow 
regime. Most adverse impacts from increased siltation in streams are 
temporary, and biota quickly recolonize after the disturbance has ceased 
(Barton, 1977; Boschung and O'Neil, 1981). 

To compare and assess environmental impacts to the Beaver Dam Creek watershed 
before and after the implementation of this alternative, the stream system has 
been divided into two reaches on the basis of the presence of two distinct 
stream gradients: Reach 1 extends from the D™Area powerhouse cooling water 
discharge outfall (NPDES Outfall D-001) to the mouth of the Beaver Dam Creek 
delta; Reach 2 extends from the delta to the Savannah River. 

Beaver Dam Creek is a low potential impact area for phytoplankton, because 
phytoplankton do not contribute significantly to the food chain base. The 
food base throughout the creek consists of detrital material rather than 
phytoplankton, as is typical in lotic systems. Primary producers in the 
Beaver Dam Creek system consist mainly of periphyton and macrophytes (Du Pont, 
1987). 
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Following implementation of this alternative, a diverse zooplankton community 
should remain in Beaver Dam Creek; this community should not be affected 
n j„ rt ^ rt «iTx Kv n_Aroa nnwprhnncp nnprflh'mi. R^thpr. increased flow with mixing 
should enhance the zooplankton communities in the immediate discharge area by 
eliminating potential exposures to lethal temperatures (greater than 32°C). 
The maximum predicted summer temperatures in Reaches 1 and 2 would be 32 C 
and 31°C, respectively (see Appendix B, Tables B-4 and B-5). These 
temperatures are within the range tolerated by most, if not all, indigenous 
species; indeed, ambient summer water temperatures in many southeastern 
streams equal or exceed these values. 

The zooplankton community should provide food for balanced indigenous 
macroinvertebrate and fish communities* The heated discharge should not alter 
the standing crop, community structure, or seasonal periodicity of zooplankton 
in the farfield study area from those values typical of the receiving 
water-body segment prior to SRP operation. Furthermore, the thermal plume 
resulting from powerhouse operation should not constitute a lethal barrier to 
the free movement. (drift) of zooplankton. 

The increased flows and reduced temperatures associated with this alternative 
should not cause significant deterioration of the habitat-formers community in 
the Beaver Dam Creek system. Because increased temperatures aj-j-ect species 
composition by reducing diversity, altering species dominance, or even 
eliminating some species, the reduced temperatures should improve the 
habitat-formers community. Scouring due to the increased flow would affect 
primarily Reach 1 of Beaver Dam Creek, At present, macrophytes are not 
present in this reach of the stream due to water velocity and turbidity 
(Du Pont, 1987). The habitat-formers community in the delta and swamp areas 
should not be affected significantly by increased flows because fluctuations 
of flow and increases in current velocity through these areas would not be as 
rapid or severe as those in Reach 1. 

During the summer months, increased pumping would reduce stream water 
temperatures in comparison to existing conditions, and would provide a thermal 
regime that should support a diverse macroinvertebrate community* The maximum 
predicted summer temperatures in the two reaches of the stream would not 
exceed 32°C and 31°C, respectively* These temperatures are within the 
range tolerated by most, if not all, indigenous species of macroinvertebrates. 



Implementation of this alternative should not result in major changes to the 
structure and function of the existing macroinvertebrate community, although 
some minor shifts in the relative abundance of some taxa probably would 
occur. Increases in water velocity during increased pumping would favor such 
taxa as Ephemeroptera and Trichoptera, many species of which prefer faster 
flowing water. Conversely, species that prefer slow flowing water (-i.e., 
amphipods and water mites) could exhibit some decline in density ancU-'relative 
abundance during certain periods of operation. 



The increased water velocity could result in temporary increases in the drift 
laoe ui. tsunit; species or maci'uiuvei LeuidLeb , suuii as tuuac tnat wuuj-w ^^^^j. 
after a heavy rainfall. However, the macroinvertebrate community should be 
able to sustain the slightly higher rates of drift and would not be affected 
adversely. Increased rates of macroinvertebrate drift would provide 
additional food for higher trophic levels (i.e . , f ish) . 
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Increases in water depth of 10 to 20 centimeters often occur naturally in 
Beaver Dam Creek during periods of heavy rainfall and should not affect the 
macroinvertebrate community adversely . The rise in water level would inundate 
the edges of the stream and, during periods of extended pumping, could result 
in some increases in the overall amount of aquatic habitat available for 
colonization. When increased pumping stopped, the water levels should recede 
gradually and not result in significant stranding of macroinvertebrates . 

Although no data are available on insect emergence patterns in Beaver Dam 
Creek, early emergence probably occurs at present due to the elevated thermal 
regime of the creek. Increased pumping should not alter the present emergence 
patterns, because water temperatures in the winter would not be altered. The 
cooler water temperatures that would exist in Beaver Dam Creek during the 
summer months could result in the addition of a few species of macroinverte- 
brates that cannot tolerate the present summer temperatures* However, no 
major shifts in species composition, density, or standing crop of the 
macroinvertebrate community of Beaver Dam Creek should occur . The 
macroinvertebrate community should provide the food necessary for the 
maintenance of a balanced indigenous fish community* 

The thermal plume resulting from the D-Area cooling water discharge would not 
interfere with the drift or upstream movement of macroinvertebrates, if such 
movement were possible. However, because Beaver Dam is an intermittent stream 
above the outfall, little, if any, drift or upstream movement is possible. 
Increased pumping should not have any impact on the community structure, 
standing crop, or seasonal periodicity of macroinvertebrates in the farfield 
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not constitute a 
barrier to either the drift or the upstream movement of macroinvertebrates. 

The fish community of Beaver Dam Creek should not suffer appreciable harm from 
the operation of the D-Area powerhouse following increased flow with mixing. 
There should be no direct or indirect mortality from excess heat or cold 
shock. The absolute maximum monthly predicted water temperature at the 
powerhouse discharge compliance point would be 32°C and the maximum 
predicted average monthly value would be 29°C (see Appendix B, Tables B-4 
and B-5 ) . In contrast , the upper incipient lethal temperatures for 
representative and important species (largemouth bass, bluegill, and catfish) 
are in the mid- to upper 30s °C. Because the maximum average monthly 
temperature increase above ambient (AT) in the vicinity of the discharge 
following implementation of this alternative would be no more than 1G°C, 
cessation of heated discharges during the winter months should not result in 
cold shock to fish. Reproductive success and growth of all indigenous species 
of fish should be similar to present conditions with this alternative; growth 
should be enhanced because the slight warming from the powerhouse discharge 
results in optimal growth temperatures occurring for more of the year than 
with ambient conditions* Maximal absolute temperatures (32°C) and average 
monthly AT values (4°C-10°C) should not block fish migration. Thus, the 
entire Beaver Dam Creek system would be available for fish habitation; the 
free movement of fishes between the headwaters of Beaver Dam Creek and the 
Savannah River would not be inhibited by powerhouse operations at any time 
during the year. 
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The increased-f low alternative should not cause significant changes to 
spawning activities in Beaver Dam Creek. Cooler summer temperatures caused by 
increased flow and mixing could enhance summer spawning* However , this could 
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implementation of this alternative. 



Entrainment and Impingement 

The increase in cooling water flow through the 5G intake resulting from the 
implementation of this alternative would occur only during periods when 
ambient Savannah River water temperatures approach 32.2°C (May through 
September)* Entrainment studies conducted at the 5G intake annually from 1983 
to 1985 have produced estimates that an average of 1.2 x 10 6 fish larvae and 
an average of 0,8 x 10 & fish eggs are entrained during the February-July 
spawning season as a result of cooling water withdrawal for the D-Area 
powerhouse (DOE, 1987a; Appendix C)* Specht (1985), using entrainment data 
collected at the 5G intake during 1984, estimated that approximately 3 percent 
additional fish eggs and larvae would be entrained annually if increased 
pumping were required during the May-to-September time period (based on the 
32*2°C temperature requirement)* Application of this increased factor to 
the entire 1983-1985 entrainment data set yields a projection of an additional 
3*6 x 10 4 fish larvae and 2*4 x 10 4 fish eggs entrained each year if the 
increased pumping alternative were implemented during the May-to-September 
time period. With this increase, entrainment at the 5G intake structure 
resulting from the operation of the D-Area powerhouse would average 1.2 x 
10 6 fish larvae and 0*8 x 10 6 fish eggs per year. The principal species 



affected would be the clupeids » centrarchids , and cyprinids . 
impact to fishery resources would be minimal* 



The overall 
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The rate at which fish are impinged on the intake screens at SRP pumphouses is 
related not only to the volume of water pumped but also to such factors as 
river water level - water temperature - and the densit u and s n ecies of fish in 
the intake canal (Du Pont , 1985b) . Current rates of impingement at the 5G 
intake structure are based on studies conducted annually from 1983 to 1985, 
which determined that an average of 1717 fish are impinged each year as a 
result of cooling water withdrawal for the D-Area powerhouse (DOE, 1987) . 
During this 3-year sampling period, approximately 93 percent of all fish 
collected were impinged during the March-to-May time period- Rates of 
increased impingement based on Specht (1985 ) , using sampling data collected 
during 1984, and on estimates of the rate of increased pumping, the number of 
pumps operating, and the number of days that pumping would be required during 
the spring and summer to meet the 32*2°C temperature requirement led to 
projections that utilization of the increased-pumping alternative during 1984 
would have resulted in an additional 14 fish being impinged at the 5G intake 
structure. Estimated annual impingement during 1984 was 213 fish (DOE, 1987); 
therefore, this amounts to a 6.6-percent increase* Application of this factor 
to the entire 1983-1985 impingement data set for the 5G intake yields a 
projected increase of 113 fish impinged per year when the increased pumping 
alternative is used* With this increase, impingement at the 5G intake 
structure resulting from the operation of the D-Area powerhouse would average 
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1831 fish per year. The principal species impacted would be the cenurarcnias 
and clupeids. The overall impact to fishery resources would be minimal. 
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Threatened and Endangered Species 

American Alligator - Dense populations of alligators occur on Beaver Dam Creek 
and in the swamp associated with the creek (Du Pont, 1985b, 1987), These 
large populations probably occur because of the excellent breeding /nesting 
habitat associated with the backwaters along the creek and a reduction of 
alligator mortality. The mildly thermal effluent can provide refugia for 
alligators in the winter or, alternatively, enhance the growth rate of 
juveniles, which increases their survivability. 

A minimum of 28 alligators representing all size classes (equivalent to age 
classes) longer than 1 meter inhabit this stream (based on aerial surveys from 
December 1983 to March 1984). Subsequent ground surveys in April and May 1984 
resulted in the capture of 11 alligators representing age classes of 1-, 2-, 
and 3-year-olds. The backwater areas along the creek probably support a 
self-sustaining alligator population because all age classes of juveniles and 
adults have been observed (Du Pont, 1985b), 

The primary impacts of this alternative on the alligator would be cooler 
effluents during the summer and intermittently increased water levels caused 
by the larger cooling water flows. Effluent temperatures under this 
alternative would be well below the alligator's critical thermal maximum 
during the summer; these temperatures are not expected to produce negative 
impacts on survivab i 1 i ty , The heated ef f luent would cont inue to provide a 
thermal "refuge" for the alligator during the winter. This winter refuge 
would continue to enhance the growth rate and lower the mortality in juvenile 
age classes* Water level increases less than about 35 centimeters are not 
likely to impact alligator nesting sites in Beaver Dam swamp (personal 
communication, R. Siegel, Savannah River Ecology Laboratory) . Thus , the 
increased flow from D-Area should not affect the American alligator adversely. 

Bald Eagle - The first sighting of an active bald eagle nest on the SRP 
occurred on June 5, 1986. The nest is below Par Pond dam in the Lower Three 
Runs Creek drainage basin. Because of the nest location and due to the 
implementation of management practices in accordance with the guidelines of BB-3 
the 1984 bald eagle recovery plan, the FWS issued a finding of no effect to 
this endangered species in 1986 (Henry, 1986)* 

Wood Stork - Based on 1983 data, the last wood stork observed feeding on the 
Savannah River Plant occurred on August 1 , 1983* By August 15 , the majority 
of the storks had dispersed from the Birds vi lie colony; by August 24, all had 
dispersed. Aerial and ground surveys for wood storks continued until 
September 27, but there were no additional observations of foraging on the 
Plant (Meyers, 1984). 

During 1984, an average of 13 wood storks were observed during 89 surveys 
between May and mid^November (Coulter, 1986). The Steel Creek delta, Beaver 
Dam Creek, and the swamp between Pen Branch and Four Mile Creek were used by 
the wood stork to the greatest extent in .1984. However, on only 3 of the 12 
occasions when wood storks were observed on Four Mile Creek were there more 
than two storks in each siting (Coulter, 1986) . Beaver Dam Creek was 
important to wood storks in 1983 and 1984 but no individuals were observed in 
1985* In 1986, a total of 15 wood storks was observed at the Beaver Dam Creek 
delta (Du Pont, 1987). 
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The primary impacts on the wood stork from the implementation of this 
alternative for D-Area would be intermittently increased water levels and 
decreased effluent temperatures during the summer. Effluent temperatures 
would be below 32.2°C during these months, thereby having minimal impact on 
foraging habitat. 

Based on flow testing, the increased flow would raise water levels in the 
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water depths for wood stork foraging is 25 centimeters. Depending on the 
initial water levels in foraging pools in the swamp, the 12- to 19-centimeter 
BB-3 increase probably would reduce the availability of foraging sites in the 
Beaver Dam Creek delta area (Du Pont, 1987). 

If increased pumping occurs when wood storks are actively foraging in the area 
and prey were optimally concentrated, the prey could be dispersed temporarily 
by the increased flow; however, because the water levels fall quickly in 
response to a decrease in pumping, this habitat would again be available to 
the wood stork. Because the wood stork is an opportunistic feeder, it would 
probably utilize this foraging source after it is reestablished. Flow 
fluctuations can also enhance foraging habitats by delaying or preventing such 
habitat from drying up, as noted by the U,S. Fish and Wildlife Service in its 
consultation for Steel Creek (FWS, 1984a). In addition, increased pumping 
would delay the reestablishment of a closed canopy, which could continue to 
provide foraging habitat for the wood stork. 

Red-Cockaded Woodpecker - Nesting and foraging habitats for the red-cockaded 

woodpecker occur near Route 278 in the northeastern corner of the Plant and 

between Lower Three Runs Creek and Meyers Branch* D-Area operations would 
have no impact on these habitats* 

Shortnose Sturgeon - Increased flow from this alternative would have no effect 
on the population status of shortnose sturgeon in the Savannah River, 
Suitable habitat exists above and below the Plant, based on the presence of 
spawning sturgeon and larvae. 
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water is not likely because of their demersal (bottom) and adhesive nature. 
In addition, spawning occurs in the Savannah River during February and March 
(Matthews and Muska, 1983), before any increased pumping that would be 
required during the May-to-September mitigation period. Previous studies have 
found no shortnose sturgeons on the SRP cooling water intake screens, and 
there is no evidence that juveniles or adults inhabit the intake cove. 
Moreover, healthy shortnose sturgeon are unlikely to be impinged, given 
pumphouse intake velocities and sturgeon swimming speeds (Du Pont, 1985b). In 
addition, the National Marine Fisheries Service (NMFS) has previously 
concurred in DOE's determination that the population of shortnose sturgeon in 
the Savannah would not be affected adversely by SRP operations (Oravetz, 1983). 

Radiological Releases 

Because the cooling water discharge from the D-Area powerhouse does not 
contain radionuclides, there would be no direct radiological releases or 
impacts associated with the operation of increased flow with mixing. The 
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increased flow to Beaver Dam Creek from increased flow with mixing would 
result in a slight reduction in the concentrations of tritium in the creek, 
which are due to releases from the moderator rework facility, 

Remobilization of radionuclides such as cesium-137 from the Beaver Dam Creek 
bed would be insignificant, because radionuclides with the potential for 
remobilization are present only in very minute quantities in the creek bed 
(Boyns and Smith, 1982; Du Pont, 1981a, 1981b; Du Pont, 1985c; Lower, 1984b; 
Lower and Hayes, 1984). 

4.3.2 DIRECT DISCHARGE TO SAVANNAH RIVER 

4.3.2,1 Cons t rue t ion Impac ts 

Socioeconomics 

The direct discharge alternative for the D-Area would involve construction of 
a new pipeline and discharge system from D-Area facilities to the Savannah 
River. The construction would be accomplished in approximately 22 months, and 
would involve a peak construction workforce of 40 persons. 

The analysis presented in Section 4*1*1.1 indicates that a large number of 
construction workers living in the general vicinity of the SRP are expected to 
become available for employment in the next few years . Because these 
construction workers already reside in the SRP area, no impacts to local 
communities and services due to immigrating workers would be expected. 

Historic and Archaeological Resources 

An archaeological and historic resources survey was conducted that encompassed 
the specific area west of Beaver Dam Creek that would be disturbed by pipeline 
construction activities associated with the direct discharge alternative for 
D-Area, No evidence of archaeological resources was found during the survey; 
therefore, no impacts are anticipated from implementation of this alternative. 

Water Quality and Hydrology 

The principal impact to water quality during construction would be some 
temporary localized increases in suspended solids in the Savannah River and 
swamp due to runoff and erosion from land areas and to dredging on the river 
bank. Appropriate engineering construction measures would be utilized to 
control erosion and drainage. 

Some temporary structures (e,g», access roads, cofferdams, berms) might have 
to be used during the construction of the pipeline from D-Area into the 
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natural water flows by using such measures as bypass channels and culverts. 
Following construction* the waterways would be restored to their previous 
state as much as possible. No permanent changes in existing flow patterns in 
the stream, river, or swamp are anticipated. 

Construction of the discharge sparging system along the river banks would 
require limited dredging through the natural levee separating the Savannah 
River from the swamp. These activities could require a permit from the U.S. |TC 
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Army Corps of Engineers, A Section 401 certificate from SCDHEC would also be 
required to ensure that construction- and operation-related discharges into 
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quality standards of the Clean Water Act. 

Ecology 

An estimated 1 acre of wetlands and 5 acres of uplands would be disturbed by 
construction of the pipeline and associated rights-of-way from the D-Area 
plant to the Savannah River. Construction activities are not expected to 
produce adverse effects on vegetation outside the immediate construction 
areas. Approximately 4 of the 6 acres that would be affected consist of 
regenerated loblolly pine and bottomland hardwoods. 

During construction* wildlife (e .g. , birds , turtles , and small game animals ) 
would leave the immediate area of construction when activities increased* The 
process of clearing the right-of-way and installing the pipe could result in 
the loss of some small mammals, such as shrews and mice, and some amphibians 
and reptiles such as salamanders and snakes. No critical habitats for 
BB-3 threatened or endangered species would be affected by the construction of the 
pipeline, because no critical habitat has been identified in South Carolina. 
When construction was completed, areas no longer needed for construction would 
be replanted with appropriate grasses , shrubs » or trees and thus made 
available for use by wildlife. 

Temporary increases in siltation would result in impacts on some benthic 
organisms and could temporarily affect fish spawning in the immediate area of 
the discharge structure if construction were to occur during the spawning 
season. These effects would be temporary, and biota should reco Ionize after 
the disturbance ceased or equilibration occurred . 

Other Construction Impacts 

Solid waste (excluding clearing debris) would be placed in containers for 
disposal in an approved manner. Because of the proximity of the construction 
to waterways, special care would be taken to prevent spills of fuels or 
chemicals* All applicable atmospheric emissions standards would be met during 

construction. 

There would be no significant radiological impacts associated with the 
installation of a pipeline from the D-Area powerhouse condensers to the 
Savannah River, because no discharges of radioactivity would occur. 

4*3.2.2 Operational Impacts 

Socioeconomics 

No socioeconomics impacts are expected from the operation of the new pipeline, 
because maintenance of the pipeline and discharge system would be performed by 
existing maintenance crews. 
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Historic and Archaeological Resources 

The operation of the direct discharge of cooling water to the Savannah River 
would not cause any impacts to historic and archaeological resources* 

Water Quality and Hydrology 
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an intermittent stream ( Jacobsen et al . , 1972). The removal of the present 
condenser cooling water discharge could result in the creek's reverting to its 
former status, although some of the existing discharges from D-Area would 
s'till enter the waterway (e.g. , rework area process sewer, miscellaneous 
powerhouse wastewater, sanitary plant effluent, and ash basin effluent) . The 
total flow from these sources would be about . 18 cubic meter per second- 
Overflow from the raw-water basin would be about 0.3 cubic meter per second , 
but could vary from about 0*1 to 0.8 cubic meter per second. These effluents 
would continue to meet the State of South Carolina Class B water 
classification standards; no adverse impact on the creek is expected. 

With this alternative heated discharge water would no longer be released to 
Beaver Dam Creek; therefore, the principal change in existing water quality in 
the stream would be the reduction in water tem n erature to ambient level-s » 
Temperatures in some portions of the swamp also would be reduced; however, 
because much of the flow from Four Mile Creek joins the swamp near the mouth 
of Beaver Dam Creek, some heat would enter this area until the implementation 
of a cooling water system for C-Reactor, Additional heat would be released 
directly to the Savannah River at the discharge points along the effluent 
pipeline sparging system. The temperature of the discharge is expected to be 
about 8°C above the ambient temperature of the river at the points of 
effluent release (see Table 2-8) « Outside a small mixing zone, temperatures 
would meet State water quality criteria and, therefore, there would be no 
adverse impact on the river* 

Nutrient concentrations in Beaver Dam Creek would be somewhat reduced from 
present levels with this alternative* The concentrations of most nutrients 
are now higher than those in other un impacted streams on the SRP site because 
of the Savannah River water that is circulated through the cooling water 
system of the powerhouse. Removal of the effluent discharge from the creek, 
therefore, would lower the nutrient concentrations in Beaver Dam Creek* 
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discharge of about 2*6 cubic meters per second to about 0.5 cubic meter per 
second during normal operations, not including any intermittent flow after 
rainfall. Water levels and flow in the swamp at the mouth of Beaver Dam Creek 
would also be reduced, but not as much as in the stream itself because flow 
from Four Mile Creek would still enter the swamp near the mouth of Beaver Dam 
Creek. Nonetheless, the diversion of a flow of 2.1 cubic meters per second 
would result in .a lowering of the water levels in this region of the Savannah 
River swamp . This impact would be evident most of the year , except during the 
snrine or at other times when river flooding inundates much of the svamo 
adjacent to the Savannah River Plant. 
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Air Quality and Noise 

No significant environmental impacts in air quality or noise levels are 
expected during operation of the direct discharge cooling system. 

This alternative would cause no increase in atmospheric emissions of 
pollutants ; steam generation rates would remain the same; all applicable air 
quality standards would be met. 

Ecology 

Discharge of thermal effluent directly to the river could result in a limited 
thermal attraction of fish to the immediate area of the diffuser. The most 
significant impact of this alternative on the ecology of Beaver Dam Creek 
would be a significant reduction in flow. The upper reaches of the stream 
would continue to be an intermittent stream. Portions of the creek downstream 
from the existing discharge canal that are bordered by swamp would consist of 
interspersed shallow pools and/or slow-moving water. Accordingly, the aquatic 
habitat available for colonization by fish and macro invertebrates would be 
less than at present and would approximate pre-SRP conditions. During winter 
and spring flooding , portions of the Beaver Dam Creek area would be inundated 
with Savannah River water and would serve as a spawning and nursery area for 
resident species of fish (e*g. , sunf ish, minnows, and darters) , as well as 
migratory species (e*g. , blueback herring). However. less spawning and 
nursery habitat would be available than at present. 



Many areas of Beaver Dam Creek that are currently inundated by discharges from 
D-Area would undergo success ional vegetation redevelopment into a more mesic 
scrub-shrub community. From 1952 through 1974, 412 acres of wetlands were 
affected in the Beaver Dam Creek floodplain and swamp due to thermal 
discharges and flooding (Du Pont, 1985b, 1987). The temperature of the 
effluent began to decrease in 1973 and continued to decline until 1978; a 
concurrent net reversal of delta canopy loss occurred. During this period, 
about 5 acres of canopy in the Beaver Dam Creek area were restored, and by 
1984 a total of about 30 acres had regrown. Currently, the affected Savannah 
River swamp canopy of Beaver Dam Creek totals about 382 acres and is 
recovering at a rate of about 3 acres per year (Du Pont, 1985b, 1987). 
Implementation of this alternative would allow revegetation to continue, 
leading to conditions that more or less prevailed prior to 1952. 

Entrainment and Impingement 
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receiving water flow rates. Accordingly, the entrainment and impingement 
rates associated with direct discharge would be similar to those resulting 
from present operations* 
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Projections of current entrainment and impingement losses , based on 
ichthyoplankton studies conducted annually at the site from 1983 to 1985 (DOE, 
1987a; Appendix C), indicate that operation of D-Area presently results in the 
estimated loss of an average 1.2 x 10 6 fish larvae (range: 0,7 x 10 6 
1.8 x 10* larvae) and 0.8 x 10 6 fish eees (ranse: 0.5 x 10 6 to 1,1 
10 eggs) each year. The principal 
clupeids, csntrarchids, and cyprinids. 
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An estimated average of 1718 fish per year (range: 213 to 4679 fish per year) 
would continue to be impinged on the intake screens of the 5G pumphouse* The ,. 
principal species impinged would be the centrarchids and clupeids . The 
overall impact on the fishery resources would continue to be minimal* 

Threatened and Endangered Species 

The operation of the direct-discharge system would have a significant impact 
on the habitats of the American alligator and the wood stork by decreasing the 
flow in Beaver Dam Creek from about 2.6 cubic meters per second under present 
operating conditions to about 0* 2 cubic meter per second* Implementing this BB-3 
alternative would decrease or eliminate nesting habitat for the American 
alligator and would eliminate any thermal refugia that might have existed 
during winter months • Foraging habitat for the wood stork would be decreased 
significantly or eliminated* Beaver Dam Creek essentially would return to its 
original condition as an intermittent stream. 

Flood conditions would result only from storm runoff after rains and Savannah 
River flooding. Based on pump test data (Section 4*3.1.2), it is reasonable 
to assume that any flooding that occurred in Beaver Dam Creek from surface 
runoff would be of short duration and that the water level in Beaver Dam Creek 
swamp would return to its original level within approximately 24 hours after 
rainfall had stopped. 

Because the thermal effluent would be discharged directly to the Savannah 
River, there would be a small thermal plume at the outfall structure; however, 
there would continue to be a large zone of passage for all fishes , including 
the endangered shortnose sturgeon. There would be no significant impacts on 
the shortnose sturgeon due to en trainmen t and impingement , 

Radiological Releases 

Because the cooling water discharge from the D— Area powerhouse does not 
contain radionuclides, there would be no direct radiological releases from 
D-Area to the Savannah River. The annual release of tritium from the D-Area 
Moderator Rework Facility to Beaver Dam Creek, and eventually to the Savannah 
River, would remain unchanged. The release is a function of the operation of 
the rework facility and does not depend on the operation of the powerhouse or 
its mode of discharge. The only effect of the reduced flow in Beaver Dam 
Creek on tritium releases - resulting from direct discharge from the 
powerhouse to the Savannah River - would be an increase in its concentration 
in the creek, 

Remobilization of radionuclides such as cesium-137 from the Beaver Dam Creek 
bed would be insignificant, because radionuclides with the potential for 
remobilization are present only in very minute quantities (Boyns and Smith, 
1982; Du Pont, 1981a, 1981b; Du Pont, 1985c; Lower, 1984b; Lower and Hayes, 
1984). 

4.3.3 NO ACTION - EXISTING SYSTEM 

The no action alternative for the D-Area coal- fired powerhouse would maintain 
the existing once- through cooling water system that withdraws water from the 
Savannah River and discharges it to Beaver Dam Creek. Chapter 3 and 
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Appendix C describe the existing environmental baseline conditions associated 
with this system. This section summarizes the minor impacts that would not 
change for the no-action alternative. 

4.3.3.1 Water Quality and Hydrology 

The mean discharge to Beaver Dam Creek from the D-Area powerhouse would 

continue to be about 2.6 cubic meters per second (range: 1,2 to 4.5 cubic 

meters per second) (Du Pont, 1985b, 1987). The water from the creek would mix 

with part of the flow from Four Mile Creek in the Savannah River swamp before 

it discharges to the river through the mouth of Beaver Dam Creek (Du Pont , 
i qQ";k 1 QQ7 'b 

Water temperatures in the creek and delta could reach 34°C under extreme 
summer conditions when ambient river temperatures are about 21 °C (see 
Appendix B, Table B-3) . Under average summer conditions , creek and delta 
temperatures would be approximately 29°C. Comparable winter temperatures 
would be about 15° to 16°C (Lower, 1984a). The continuation of the 
existing cooling water discharge in D— Area would meet the Class B water 
classification standards for temperature most of the time, but would exceed 
the limit during warm-weather periods and concurrent high powerhouse loadings. 

4.3*3.2 Ecology and Wetlands 

The aquatic and terrestrial ecology of the Beaver Dam Creek area would 
continue to be influenced by the heated water discharged from the coal -fired 
steam plant. Aquatic flora in the creek would be sparse due to the elevated 
temperatures and flow of the effluent . Thermophilic bacteria and blue-green 
algae would continue to be the most abundant flora in the main channel 
(Gibbons and Sharitz , 1974) . Riparian vegetation would be dominated by wax 
myrtle and tag aider. Portions of the Beaver Dam Creek delta would continue 
to show evidence of revegetation because of the decline of water temperatures, 
which began in the 1970s (DOE, 1984) . More species of macro invertebrates 
would occur in Beaver Dam Creek than in the other thermally impacted streams. 

In general , fish density would be higher in Beaver Dam Creek than in either 
Four Mile Creek or Pen Branch, but lower than in the nonthermal streams 
(Du Pont , 1985b, 1987). The fish species present in the creek in greatest 
numbers as adults would be mosquitof ish, sunf ish, and gizzard shad (Bennett 
and McFarlane , 1983), P.elative abundance and species composition would 
increase toward the creek mouth and swamp, where greater habitat diversity 
occurs and temperatures are somewhat moderated (Du Pont, 1985b , 1987) . 
Ichthyoplankton in the creek would reflect the adult fish composition. 

4,3.3.3 Entrainment and Impingement 

With the no-action alternative , entrainment at the 5G intake would result in 
BB-3 t * ie cont i nu ed loss of an average 1*2 x 10 6 fish larvae (range: 0.7 x 10 
BD " S to 1.8 x 10 6 larvae) and 0.8 x 10* fish eggs (range: 0.5 x 10 & to 1.1 x 
10° eggs) each year (DOE, 1987a). The principal taxonomic groups that would 
be affected are the clupeids, centrarchids, and cyprinids* 
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Impingement of fish on the intake screens of the 5G pumphouse would continue 
to average 1718 per year (range: 213 to 4679 fish per year; DOE, 1987a). The 
principal species impinged would be expected to be sunfish and shad. 

4.3-3-4 Threatened and Endangered Species 

The area in and around Beaver Dam Creek would continue to provide habitat for 
a dense population of American alligators . Backwater areas would continue to 
provide breeding and nesting habitat and probably support a self-sustaining 
alligator population based on the presence of juvenile and adult individuals 
in the creek area (Du Pont, 1985b). 
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Endangered wood storks from the Birdsville rookery, which have been observed 
foraging in the Beaver Dam Creek area since 1982 (Du Pont* 1985b, 1987), 
should continue to use the area. 
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4.4 CUMULATIVE IMPACTS OF ALTERNATIVE COOLING WATER SYSTEM CONSTRUCTION AND 
OPERATION 

This section describes the cumulative impacts of the construction and 
operation of the cooling water alternatives for K- and C-Reactors and the 
D— Area coal-fired powerhouse on surf ace— water usage , thermal discharges , 
ecological systems , radiological releases , and air quality. These impacts 
have been evaluated in conjunction with the releases from other SRP facilities 
and from major facilities near the Savannah River Plant* 

4*4.1 SURFACE-WATER USAGE 



The Savannah River Plant withdraws a maximum of 37 cubic meters of water per 
second from the Savannah River , primarily for use as cooling water ■ plant 
operations consume approximately 2,4 cubic meters per second of this water; 
the remainder returns to the river via onsite streams . 



The existing withdrawal and return rates would remain essentially the same for 
the once-through cooling-tower alternative. The water consumed by evaporation 
in each tower would be approximately 0*8 cubic meter per second. The total 
water withdrawal from the river for the Plant , including once™ through cooling 
towers at both K- and C-Reactors, would be 24 percent of the 7-day, 10-year 
low flow (7010: 159 cubic meters per second) and 13 percent of the average 
flow (295 cubic meters per second). Only about 3.4 cubic meters per second of 
the 159-cubic-meter— per-second low flow would be consumed . 
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The existing withdrawal and return rates would be reduced substantially for 



the re^ii. cu mating 



uuu ling— tuwer 



alternatives 



The withdrawal rate of 1*6 



cubic meters per second for each reactor would represent a decrease of 
approximately 9.7 cubic meters per second per reactor from the rate for the 
existing system* The total SRP withdrawal from the river, including 
recirculating cooling towers at both K- and C-Reactors , would be about 12 
percent of the 7-day, 10-year low flow ( 7Q10) and about 7 percent of the 
average flow. As with the once- through tower, the water consumed in the 
recirculating towers would be about -5 cubic meter per second more than that 
consumed by the existing system* 
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For both the direct-discharge and increased-pumping alternatives for D-Area, 
the withdrawal of river water would be unchanged during normal climatological 
conditions. During very hot periods, however, the amount of water withdrawn 
from the river for the increased-pumping alternative would be increased to 
meet the Class B water classification standard of a minimum instream temper- 
TC ature of 32.2 a C; the withdrawal rate for this alternative would increase 
from 2.6 (existing system) to 4.0 cubic meters per second, resulting in a 
siightiy higher total withdrawal than that discussed above for the once- 
through and recirculating cooling-tower alternatives. This additional water 
would return to the river via Beaver Dam Creek, thereby causing no effects to 
total SRP consumptive surface-water losses* 

4.4.2 THERMAL DISCHARGE EFFECTS 

4.4.2.1 0ns ite Streams and Savannah River Swamp 

rnrtlin* uafpr is: nnw rfirpr.tlv dischareed from the SRP via four streams - 
Beaver Dam Creek, Four Mile Creek, Pen Branch, and Steel Creek. In addition, 
overflow from Par Pond enters Lower Three Runs Creek. Beaver Dam Creek 
receives once-through cooling water from the D-Area powerhouse, and Four Mile 
Creek and Pen Branch receive once-through cooling water from K- and 
C-Reactors» respectively. Steel Creek receives cooling water from L-Reactor 
via a once-through cooling lake and - in its lower reaches - from K-Reactor 
via Pen Branch and the intervening swamp. The principal cumulative impact of 
the implementation of alternative cooling water systems at K- and C-Reactors 
and the D-Area powerhouse would be a reduction in the total amount of waste 
heat dissipated to all onsite streams and the Savannah River swamp* A 
cumulative impact that would result from this reduction in thermal discharge 
would be the revegetation of surrounding areas through natural plant 
succession and, thus, an increase in total wetland habitat. In addition, a 
reduction in thermal discharge would allow previously affected thermal streams 
to be recolonized by fish and macroinvertebrates and would provide additional 
spawning habitat for fish. A zone of passage for anadromous fish and other 
aquatic organisms in SRP thermal streams and the Savannah River swamp would be 
provided, thereby creating more available habitat for these organisms in 
completing their life cycles. 

Implementation of the once-through cooling-tower alternative would result in 
thermal plumes from C-Reactor and the D-Area powerhouse interacting within the 
Savannah River swamp. However, thermal performance studies have indicated 
that this interaction would reduce thermal effects in this area of the swamp. 
In addition, the thermal discharge from K- and L-Reactors would interact via 
Pen Branch and Steel Creek in the Savannah River swamp with the implementation 
of the once-through cooling-tower alternative. Thermal performance studies 
indicate that temoeratures in Pen Branch would be about 2°C cooler than 

L 

those in Steel Creek at their confluence during winter, when thermal plumes 
could be most evident, 

4.4.2.2 Savannah River 

In the vicinity of the Savannah River Plant, the Savannah River receives 
thermal discharges from the Urquhart Steam Station at Beech Island, South 
Carolina, as well as from the Plant. In addition, the Alvin W* Vogtle Nuclear 
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Power Plant, near Hancock Landing, Georgia* across the river from the Plant, 
uses natural-draft cooling towers to dissipate waste heat before discharging 
to the river at temperatures below 33°C (NRC t 1985). 

As the result of water storage in C larks Hill Reservoir above Augusta, 
Georgia, and its hypo limnetic discharge, the temperature of the Savannah River 
is as much as 8°C below the temperature that would normally occur during the 
summer if the reservoir did not exist (Neill and Babcock, 1971), The temper- 
ature of the river generally increases naturally as the water flows from 
Clarks Hill Reservoir past the SRP, The South Carolina Electric and Gas 
Company's Urquhart Steam Station, located above the Savannah River Plant, 
discharges about 7.4 cubic meters per second of cooling water at temperatures 
as high as 6°C above ambient river temperatures. The Vogtle Nuclear Power 
Plant would discharge about 0.7 cubic meter per second of cooling water to the 
Savannah River with a winter thermal plume 2 meters wide extending 9.8 meters 
downstream from the single-port discharge pipe (NRC , 1985 ) . This winter 
thermal plume would not extend beyond its permitted mixing zone or interact 
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The cumulative impact upon the Savannah River with the implementation of 
alternative cooling water systems at K- and C-Reactors and the D-Area 
powerhouse would be a reduction in the total amount of waste heat discharged 
to the Savannah River via onsite streams. These discharges would not interact 
with Urquhart or Vogtle generating stations. Removal of SRP thermal dis- 
charges would result in an increased zone of passage in the Savannah River for 
anadromous fish and other aquatic organisms and would allow for more available 
habitat for aquatic organisms in the river. 

Implementation of the direct discharge alternative to the Savannah River for 
D-Area and implementation of once-through cooling towers for K- and C-Reactors 
would result in winter and spring plumes entering the Savannah River, raising 
the temperature in the immediate area of the confluence of the streams with 
the river more than 2.8°C above ambient. Even though there would be a 
thermal plume present during the winter and spring at the immediate con- 
fluences of the mouths of Beaver Dam, Four Mile, and Steel Creeks, and the 
Savannah River, it would not create a thermal blockage of the river. Also, a 
zone Gj. passage would continue to be available for anadromous fish and other 
aquatic organisms , 

4,4,3 ECOLOGY 

4,4,3,1 Terrestrial Area s 

The cumulative impact of the preferred alternative cooling systems for K- and 
C-Reactors and D-Area would disturb no more than about 60 acres of uplands , 
consisting of immature slash pine and reforested upland pine/hardwood, some 
open fields, and a relatively small area of bottomland hardwoods. 

In addition, the cumulative impacts from salt deposition from the operation of 
recirculating cooling towers at both K- and C-Reactors would result in an 
estimated 22.7 kilograms per acre per year at a distance of 0,5 kilometer from 
each tower. These rates represent the highest values associated with any of 
the various combinations of alternatives and are much less than those that can 
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cause reduced productivity of plants (Mulchi and Armbruster, 1981 ; INTERA, 
1980)* Beyond 2 kilometers (see Figure 4-4), the deposition rates decline 
even more with distance from the towers. Therefore, no significant cumulative 
impacts are expected with this combination of alternatives . 

4.4.3.2 0ns ite Streams and Savannah River Swamp 

The cumulative effects of the construction of any combination of the cooling 
water alternatives on the aquatic environment would be minimal because the 
reaches of Pen Branch and Four Mile Creek in the vicinity of the proposed 
activities are presently sparsely inhabited by aquatic organisms due to 
existing thermal stress. No construction is required for the increased-f low- 
with-mixing alternative for D-Area, and the direct-discharge system would have 
minimal impact due to its proposed location along previously disturbed areas 
and construction practices which would minimize turbidity and siltation. 

The principal cumulative impact of the operation of cooling towers for K- and 
C-Reactors and either increased flow or direct discharge at D-Area would be 
the reduction of water temperatures in onsite streams and the adjacent swamp 
to ambient or near-ambient levels* Among the most important effects of 
removing the existing thermal stress from these environments would be the 
discontinuation of the loss of wetlands alon^ the waterwa v s (e = & * $ the 
combined loss in 1984 due to K- and C-Reactor operations was about 54 acres). 
It is expected that some wetland areas previously damaged or destroyed would 
revegetate successively due to the lowered water temperatures. However, 
increased flow and intermittent flooding (with the once- through towers and the 
increased-f low-with-mixing alternatives) would still limit wetland revege- 
tation in some locations. The continued existence of open canopy areas would 
benefit some species (e.g., waterfowl and wood stork) . There would also be a 
beneficial effect of the lower water temperatures on aquatic biota. Foraging 
and spawning habitats and zones of passage in the streams and swamp that were 
previously inaccessible to fish due to the heated discharge would now be open 
to these organisms. Populations in headwater areas above the reactor dis- 
charge points would no longer be isolated from the main streams* the swamp, 
and the Savannah River . Also, the potential for cold shock in the thermal 
portions of the streams and swamp would be reduced. The cumulative effect of 
this would be to increase the area of aquatic habitat in SRP streams and the 
adjacent swamp and thereby increase the populations of fishes and other 
aquatic organisms in comparison to existing conditions. Productivity of the 
Savannah River might increase in this area of the river due to increased 
contributions of progeny from the onsite streams and swamp. 

The cumulative effect of the installation of recirculating cooling towers at 
K- and C-Reactors and of direct discharge of D-Area effluent to the Savannah 
River would have somewhat less positive impacts . This combination of alter- 
natives would greatly decrease thermal stress in the onsite streams and 
portions of the adjacent swamp; however, they would also cause significant 
decreases in flow in these waterways . Therefore, although these alternatives 
would provide some increases in available aquatic habitat compared to present 
conditions* the beneficial effects would be less than those experienced with 
the once- through towers and increased-f low-with-mixing options due to lowered 
water levels in the streams and some portions of the swamp* These lowered 
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water levels could be more conducive to wood stork foraging habitat in Four 
Mile Creek and Pen Branch, but would totally eliminate the foraging habitat in 
Beaver Dam Creek, 

4-4,3*3 Savannah River 

The cumulative effect on the Savannah River of the implementation of cooling 
towers would be a reduction in the total amount of waste heat discharged from 
the onsite streams. This would increase the size of the zones of passage in 
the river adjacent to the Savannah River Plant and thereby would allow greater 
flexibility in movement of anadromous fish and other aquatic organisms through 
that section of the river. 

The direct-discharge alternative for D-Area, combined with once— through towers 
for the two reactors* would result in thermal plumes entering the river in 
winter and spring near the confluences with Beaver Dam Creek, Four Mile Creek, 
and Steel Creek. The maximum temperature above ambient , which would be about 
2.8°C within these plumes, would not create a significant thermal barrier in 
the river or cause any other adverse impact on fishes or other aquatic 
organisms* 

4*4*3.4 Entrainment and Impingement 

The cumulative entrainment and impingement impacts of some combinations of the 
cooling water alternatives would remain the same as those for present 
conditions ; for other combinations, there would be either a reduction or an 
increase in these effects. 

The implementation of a once- through coo ling- tower system for K- and 
C-Reactors and direct discharge for D-Area would not change existing levels of 
entrainment and impingement significantly. At present , the combined total 
loss of ichthyop lank ton due to the operation of these three facilities 
averages 18.8 x 10 fish larvae and 10* 1 x 10 6 fish eggs annually, or an 
average of 11 .8 percent of the ichthyoplankton passing the SRP intakes, based 
on 1983-1985 studies (see Table C-24; DOE, 1987). Cumulative impingement 
currently averages 7603 fish per year (DOE, 1987)* In addition, the species 
composition of tl^e fishes lost to entrainment and impingement would not change 
with this combination of alternatives. Assuming that K- and C-Reactors would 
operate at levels comparable to that for L-Reactor, additional average 
entrainment losses of 8*8 x 10 6 fish larvae and 4,6 x 10 fish eggs (or an 
average of 5-4 percent of the ichthyoplankton passing the SRP intakes ; see 
Table C-24) and additional average impingement losses of 2942 fish would occur 
annually as a result of the operation of these facilities* Accordingly, 
cumulative annual losses from entrainment and impingement due to the operation 
of these four facilities would average 27.6 x 10 6 fish larvae and 14.8 x 
10 6 fish eggs (or an average of 17.2 percent of the ichthyoplankton passing 
the SRP intakes; see Table C-24) and 10,545 fish, respectively. 

The implementation of a recirculating cooling-tower system in combination with 
direct discharge at D-Area would lower the cumulative effects of both 
entrainment and impingement. The reduced flow requirements for the cooling 
water systems of the two reactors would result in a decline in annual 
entrainment losses from current combined levels to about 3.8 x 10 fish 
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Cumulative impingement 

Species composition of 

not change with this 



larvae and about 2*1 x 10 fish eggs per year. 

losses would decrease to about 2571 fish per year* 

fish lost to entrainment and impingement would 

combination of alternatives- Cumulative annual losses 

impingement due to the operation of these facilities plus L-Reactor would 

average 12*6 x 
respectively* 



from entrainment and 



10 6 fish larvae and 6*7 x 10 s fish eggs and 3369 fish* 



The implementation of a once-through cooling-tower system for K- and 
C -Reactors in combination with the increased-pumping alternative for the 
D-Area powerhouse would increase entrainment and impingement in proportion to 

cooling water withdrawn for the powerhouse. Cumulative 

10 6 fish larvae and 10.12 



the increase in 

entrainnieni. losses wuuxu xin»i,^ao^ i-*-* ciu*/u.w ^u • —-r ^~ -~ — 

x 10 6 fish eggs per year, while cumulative impingement losses would increase 

Cumulative annual losses from entrainment and 



to about 7665 fish per year* 

impingement due to the operation of these facilities plus L-Reactor would 

average 27 . 64 x 10 6 fish larvae and 14 . 77 x 

respectively. 



10 6 fish eggs and 10,608 fish, 



The implementation of a recirculating cooling-tower system in combination with 
increased pumping at D-Area would result in a net reduction in cooling water 
withdrawal and a proportional decrease in entrainment and impingement levels* 
Cumulative entrainment losses would decrease to approximately 3*84 x 10 v 
fish larvae and 2.12 x 10 e fish eggs per year, while impingement would 
decrease to about 2683 fish per year. Cumulative annual losses from entrain- 
ment and impingement due to the operation of these facilities plus L-Reactor 
would average 12.64 x 10 6 fish larvae and 6*77 x 10 6 fish eggs and 5626 
fish, respectively* 

4.4*3*5 Threatened and Endangered Species 



and 
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The endangered red-cockaded woodpecker , Daia eagie » ana suur uuu« & «-uj. & <=uh 
would not be affected by any of the alternatives individually and would not be 
affected by their combined construction and operation. 

At present, the American alligator does not inhabit Pen Branch or Four Mile 
Creek because of the high water temperatures associated with reactor 
operations. The implementation of once-through cooling towers would enable 
the alligator and other organisms to inhabit these thermal areas* However, 
fluctuating water levels and flow rates could destroy alligator eggs, nests, 
3 n^ l^iKor■n a ^^n c a *■ ^ c Th^ rp^ rpulflUnff rnnl lH^-tower alternatives would 

U11U ll-k- l_/>i_ A. LIU b- .fc. VSfcl <J J. W-*— >-J • J.*«.^* ,i.-_u-a-*.w» — w — — "Q __— ^ -- 

enable the alligator to inhabit these areas; however, because of the marked 
decrease in flows, the inundation of eggs, nests, and hibernation sites would 
be improbable* The implementation of the increased~f low-with-mixing alter- 
native at D-Area would not appreciably change the value of the existing 
alligator habitat in Beaver Dam Creek* Therefore, the cumulative impact of 
any combination of these alternatives would be a general increase in the 
available habitat for the alligator in these areas. 

The implementation of the direct-discharge alternative for D-Area in 
combination with either cooling-tower alternative would have a deleterious 
cumulative impact on the alligator* The direct-discharge alternative for 
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D-Area would reduce the existing alligator habitat in Beaver Dam Creek by 
removing the beneficial thermal environment that now exists and by 
significantly lowering water levels and flows in the stream* 

The implementation of once-through cooling towers would improve existing 
habitat for the endangered wood stork, but the availability of foraging 
habitat would be restricted due to water depths and flow rates. Recirculating 
cooling towers would cause significantly reduced discharge rates and should 
enhance the availability of wood stork foraging habitat* The increased-f low- 
with-mixing alternative for D-Area would decrease the availability of wood 
stork foraging habitat during periods of increased flow. 

There would be a cumulative loss of foraging habitat for the wood stork with 

any combination of alternative cooling water systems that included direct 
discharge from the D-Area powerhouse. This alternative would reduce the water 
levels in Beaver Dam Creek and thereby reduce or eliminate the value of this 
area for foraging by the wood stork. 

4.4.4 RADIOLOGICAL RELEASES 

Nuclear facilities within an 80-kilometer radius of the SRP include operating 
or planned SRP facilities, the two-unit Alvin W. Vogtle Electric Generating 
Plant (one unit operating, the other still under construction), the Barnwell 
Nuclear Fuel Plant (not expected to operate) , and the Chem-Nuclear Services, 
Inc. , low-level radioactive disposal site. The existing and planned opera- 
tions of these facilities were reviewed to determine the potential cumulative 

alternative cooling water systems being considered for K- and C-Reactors. 
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SRP facilities operating include four production reactors , two 
chemical-separations areas , a fuel-fabrication facility, waste management 
facilities, and other support facilities. Future projects include 
construction and operation of a Fuel Materials Facility (FMF) for producing 
fuel forms for the naval reactor program, the Fuel Production Facility (FPF) 
for recycling enriched uranium used as reactor fuel , and the Defense Waste 
Processing Facility (DWPF) for immobilizing high-level radioactive wastes 
stored in tanks at the Savannah River Plant. The FMF, the FPF, and the DWPF 
are not expected to become operational until the late 1980s* 



The Alvin W. Vogtle Nuclear Power Plant is being constructed by the Georgia 
Power Company near the southwestern border of the Savannah River Plant across 
the Savannah River* The first unit of this two-unit power plant became 
operational in June 1987. The second unit for the Vogtle Power Plant is not 
expected to reach full operation until the early 1990s. 
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The Bcixnwell Nuclear Fuel Plant is located adjacent to, and east of, the 
Savannah River Plant . The owners of this facility, Allied-General Nuclear 
Services, have announced that they do not plan to operate this plant . The 
normal operation of the Chem-Nuclear Services, Inc. low-level radioactive 
disposal site does not entail discharges of low-level radioactive material to 
surface waters or to the atmosphere. 



The cumulative off site radiation dose, therefore, is the sum of the doses 
above natural background from SRP operation with four reactors and their 
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support facilities, the planned FMF, FPF, and DWPF, and the Vogtle Nuclear 
Power Plant* The doses associated with two of the SRP reactors, K and C, 
depend on the alternative cooling water system implemented. 

The tables in this section list effective whole-body doses for the of f site, 
maximally exposed individual and collective effective whole-body doses for the 
offsite population. The text compares these doses with applicable limits and 
with natural background radiation. Appendix G contains detailed individual 
XE and collective doses for all age groups and important organs due to releases 
from nuclear facilities on, and within 80 kilometers of, the Savannah River 
Plant. Essentially all the collective dose results from operation of SRP 
facilities* These facilities also contribute approximately half the effective 
whole-body dose to the maximally exposed Individual. 

Table 4-24 presents the cumulative doses assuming present cooling water 
systems for K- and C-Reactors (existing operation) . The doses shown are for 
the year 2000, when it is expected that all described facilities will be in 
operation and when radioactive releases from L-Reactor will have reached an 
equilibrium. 

Table 4-24. Cumulative Effective Whole-Body Doses with 

Present Cooling Water Systems (Existing 
Conditions) for K- and C-Reactors 



Maximum individual Collective 

(mrem/yr) (person-rem/yr) 



Adult 3.25 

Teen 2.64 80.7 

Child 1.94 

Infant 0.94 



Table 4-25 presents the cumulative doses assuming a once-through cooling tower 
for each of K- and C-Reactors - the preferred cooling alternative. These 
doses represent the sum of existing operation doses and changes in doses 
associated with operation of once-through cooling towers for K- and C-Reactors* 

Table 4-26 presents the cumulative doses assuming recirculating cooling towers 
for K- and C-Reactors. The use of recirculating cooling towers results in the 
largest change in doses associated with operation of K- and C-Reactors. 

The summary dose tables show that existing operations result in the highest 
cumulative doses , whereas recirculating cooling towers result In the lowest 
cumulative doses. The decrease in doses associated with the recirculating 
cooling towers is greater than that for once- through cooling towers . While 
other combinations of cooling systems can be chosen, for example , a 
once-through cooling tower for the C-Reactor combined with recirculating 
cooling towers for the K-Reactor, the doses presented represent bounding 
values . 
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Table 4-25, 



Cumulative Effective Whole-Body Doses with 
a Once-Through Cooling Tower for K- and 
C-Reactors 



Maximum individual 
(mrem/yr ) 



Collective 
(person-rem/yr ) 



Adult 
Teen 
Child 
Infant 



3.25 
2-64 
1,94 
0.94 



80.6 



Table 4-26. Cumulative Effective Whole-Body Doses 

«»J*-i- n j 1_4-j r\^ 1.'-*. t « f^_ 



K- and C-Reactors 



Maximum individual 
(mrem/yr) 



Collective 
(person-rem/yr) 



BC-22 



Adult 
Teen 
Child 
Infant 



3.06 

2.49 
1,88 

0.94 



79.6 



The maximum cumulative individual doses are well below the average total-body 
dose of 93 millirem per year from natural radiation received by an individual 
living near the SRP site. The doses are also lower than the DOE limits of 100 
millirem per year from all pathways and 25 millirem per year to the total body 
from the air pathway. The collective doses are also much lower than the 
109,000 person-rem per year received from natural radiation by the population 
living within 80 kilometers of the Savannah River Plant and the Beaufort- 
Jasper and Port Wentworth drinking-water populations* 

Table 4-27 lists the health effects associated with the cumulative-dose 
impacts for each of the alternative cooling water methods discussed above. 

4.4.5 AIR QUALITY 

The cumulative impacts of K- and C-Reactor on air quality are evaluated and 
presented below. Two combinations of coo ling- tower systems were considered to 
predict potential maximum impacts . These combinations are as follows : 

1. Once-through towers at both K- and C-Reactors 

2. Recirculating towers at both K- and C-Reactors 
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Table 4-27. Cumulative Health Effects 



Alternative 



Existing operations 

Operations with a once-through 
cooling tower for each of the 

f . TT-.A V D a -a #-*+-rt vc« 

^ — CL11U l\ — iv^OL.»-Ui.i3 

Operations with recirculating 
cooling towers for each of 
the C- and K-Reactors 



Cancer fatalities Genetic disorders 
per year per year 



0.0110 

0*0110 



0.0109 



0.0198 
0-0198 



0.0195 
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The second combination, consisting of recirculating towers at both K- and 
C-Reactors, produced higher impacts and maximum impacted areas; therefore * 
this combination is described further in the following paragraphs. 

The combined calculated maximum annual-mean frequency of reduced ground-level 
visibility to less than 1000 meters, due to the operation of recirculating 
cooling towers at both the K^ and C-Reactors would be approximately 4 hours 
per year at 8 kilometers northwest of the C-Reactor towers* The calculated 
annual -mean frequencies of reduced ground-level visibility to less than 1000 
meters would be less than 3 hours per year within 2 kilometers of each tower* 

Because the K- and C-Reactors are about 4.8 kilometers apart, the maximum ice 
accumulations within 0.4 kilometer of the towers and their frequencies would 
be the same as those presented in the individual analyses. Figure 4-3 shows 
the isopleths of frequency of occurrence of elevated visible plumes for 
recirculating cooling towers at both K- and C-Reactors . The calculated mean 
maximum occurrence of visible plumes would be 100 hours per year at 0*6 
kilometer from the K- and C-Reactor cooling towers. The frequency of visible 
plumes would be approximately 50 hours per year within 2 kilometers of each 
tower system in all directions. 

Figure 4-4 shows the isopleths of annual solids deposition due to the 

operation of recirculating cooling towers at both K- and C-Reactors. The 

estimated maximum annual total-solids deposition would be 22. 7 kilograms per 
acre per year at a distance of 0.5 kilometer from each tower. 



4.5 UNAVOIDABLE/IRREVERSIBLE IMPACTS OF ALTERNATIVES 

The following sections describe impacts of the alternative cooling water 
systems that cannot be avoided by reasonable mitigation measures. They also 
describe irreversible and irretrievable commitments of resources and short- 
term uses and long-term environmental implications for the alternative cooling 
water systems . 
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Figure 4-3. K- and C-Reactor Recirculating Towers, Frequency of Occurrence of Elevated 
Visible Plumes, Hours/Year 
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Scale (kilometers] 
2 4 6 




Figure 4-4. K- and C-Reactor Recirculating Towers, Total Solids Deposition, 
Kilograms/ Acre-Year 
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4.5.1 UNAVOIDABLE ADVERSE IMPACTS 

For the once-through cooling towers for K- and C-Reactors , annual entrainment 
(26.8 x 10 eggs and larvae) and impingement (5884 fish) losses would be 
similar to those resulting from current operations. With the implementation 
of once- through cooling towers, the streams would still be subjected to 
variable flows , thereby limiting reestablishment of upstream wetland 
communities along both creeks. 

The implementation of the gravity—feed, once- through, cooling— tower alter- 
native would result in disturbance of approximately 25 and 35 acres of uplands 
for K- and C-Reactors, respectively, as a result of construction and the 
relocation of facilities* 

With the implementation of the recirculating coo ling- tower alternatives for 
K- and C-Reactors, cooling water discharge flows would be reduced from 11.3 to 
1.1 cubic meters per second, resulting in reduced habitat area for spawning 
and foraging. Construction and relocation of facilities would disturb 
approximately 50 and 60 acres of uplands for K- and C-Reactors, respectively . 

The increased-f low alternative for the D-Area powerhouse would increase flow 
to 4*0 cubic meters per second during extreme summer conditions. The expected 
increase in impingement (additional loss of 113 fish per year) and entrainment 
(about 6.0 x 10 eggs and larvae) due to increased flow through the 5G 
pumphouse would be small , and the overall impact would be minimal because 
entrainment and impingement rates are low during the summer. Temporary 
increased flow during the summer would increase aquatic habitat . However , 
wildlife habitat would be reduced and associated wildlife would be 
temporarily during these intermittent periods of increased 
Approximately 4 acres each of uplands and wetlands would be 
temporarily because of intermittent flooding from increased flow. 



displaced 

pumping, 
inundated 
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The increase in pumping would also result in a temporary increase in the 
erosion of the stream channel ; as a resul t , increased siltation could occur. 
Increased pumping could be required during the peak spawning period (May-June) 
of fish in Beaver Dam Creek, The expected erosion and the resulting siltation 
would equilibrate rapidly under an increased-f low regime* 

The implementation of the direct-discharge alternative for the D-Area 
powerhouse would significantly alter the existing aquatic community of Beaver 
Dam Creek because of the reduced stream flow downstream from the discharge 
canal. Portions of the creek that currently are bordered by swamp would 
consist of shallow pools or slow-moving water* The reduced flows would also 
adversely affect the habitat of the currently abundant and reproducing 
American alligator population. In addition, the Beaver Dam Creek area is 
sometimes utilized by the wood stork for foraging habitat. Discharge of 
thermal effluent into the river rather than into the creek would reduce the 
area of suitable foraging habitat and could impact this species in this area. 
Approximately 5 acres of uplands and 1 acre of wetlands would be impacted by 
the construction of the discharge pipeline . 
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4,5-2 IRREVERSIBLE AND IRRETRIEVABLE COMMITMENTS OF RESOURCES 

Resources that would be irreversibly and irretrievably committed during 
operation of the cooling water alternatives include (1) materials that cannot 
be recovered or recycled and (2) materials consumed or reduced to unrecover- 
able forms. Increased cooling water withdrawal from the Savannah River for 
the D-Area increased-f low alternative would require additional energy 
consumption. Irretrievable energy use for pumphouse operations would increase 
by about 6 percent of the level of current operations* There would not be any 
additional energy requirements under the direct-discharge alternative. 

4.5.3 SHORT-TERM USES AND LONG-TERM PRODUCTIVITY 

The short-term effects of the cooling water alternatives would include the 
loss of upland sites for their natural productivity. Approximately 25 and 35 
acres of upland areas would be required for construction and relocation 
activities for the once-through towers and 50 and 60 acres for the recircu- 
lating towers > respectively, for K- and C-Reactors* The short-term effects of 
the D-Area increased-f low and direct-discharge alternatives would include the 
unavailability of upland and wetland areas for natural productivity* 
Approximately 4 acres each of uplands and wetlands would be affected by the 
increased-f low alternative- For the direct-discharge alternative, the 
impacted areas would include 5 acres of uplands and 1 acre of wetlands. In 
the long term, the upland vegetation and wetlands could become reestablished 
through the process of natural selection. 



4.6 COMPARISON OF ALTERNATIVES FOR K- AND C-REACTORS AND D-AREA 
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This section contains a summary comparison of the once-through cooling towers, 
the recirculating cooling towers and the no-action (continuation of present 
operations) alternatives for the K- and C-Reactors and the increased flow with 
mixing* direct discharge, and no-action alternatives for the D-Area power- 
house. For each of the three facilities* selection of the no-action alter- 
native would result in a continuation of present cooling water discharges that 
would not comply with the State of South Carolina's Class B water classi- 
fication standard of a maximum instream temperature of 32*2°C* The 
construction and operation of either once- through or recirculating towers for 
K- and C-Reactors and implementation of either increased flow with mixing or 
construction and operation of direct discharge to the Savannah River for the 
D-Area powerhouse would result in discharges that would comply with this 
standard. Construction and operation of once- through or recirculating cooling 
towers for K- and C-Reactors and implementation of increased flow with mixing 
for the D-Area powerhouse would also require the conduct of Section 316(a) 
studies to determine whether a balanced biological community would be main- 
tained, because discharges from these alternatives would exceed the State of 
South Carolina ' s Class B water classification standard of a maximum instream 
temperature rise above ambient of 2*8°C. The following comparison discusses 
the major differences that would occur from the implementation of each of the 
alternatives* 
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For the various cooling water alternatives, the following relative rankings of 
future wildlife effects were determined from the Habitat Evaluation Procedures 
Analysis (Mackey et al. , 1987). Effects to terrestrial wildlife from 



construction of the once- through and recirculation cooling towers were 
considered to be essentially equal * since in both cases either type of tower 
would be constructed at the same location, and pipeline and other support 
facilities would affect essentially the same locations. Small stream fish 
species benefit more from the recirculation alternative in the upper reaches 
of the creeks . In the middle and lower stream reaches, species such as the 
catfish and sunf ish benefit more from the once-through alternative. In the 
deep swamp environment, those fish which are more likely to use the swamp 
during the spawning period benefit more from the recirculation alternative. 
In the Savannah River swamp , wading birds benefit more from the recirculation 
alternative. Overwintering waterfowl such as the mallard benefit more either 
from the present SRP operations or from the once- through cooling tower. The 
once— Liirougn and no action alternatives would maintain the existing "marsh" 
type environment in the swamp for wintering waterfowl or permit expansion of 
this type of habitat. 
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4*6.1 ALTERNATIVES FOR K-REACTOR 



Either of the two coo ling- tower alternatives would significantly reduce the 
thermal impacts in each respective stream and the Savannah River swamp* The 
major environmental difference between these alternatives is that the 
recirculating cooling towers would withdraw less water from the river (about 
1 . 6 cubic meters per second ) and release less to the creek (about 1 * 1 cubic 
meters per second ) than the once-through tower (about 11.3 and 10 . 5 cubic 
meters per second, respectively) . This would result in reduced entrainment 
losses of fish eggs and larvae and reduced impingement losses of adult and 
juvenile fish with the recirculating towers. The reduced flows in Pen Branch 
and Four Mile Creek and their deltas would also result in successional 
re~establishment of a greater amount of wetlands than would occur with the 
once-through cooling-tower alternative; on the other hand, the lower flow 
would also reduce the existing amount of aquatic habitat in the streams and 
parts of the swamp than would occur with the once-through tower. 

Both alternatives would allow the reestablishment of aquatic fauna and floral 
communities spawning and foraging in presently uninhabited areas* However, 
the once- through cooling- tower alternative would exhibit a greater amount of 
water-level fluctuation, causing some stress to aquatic organisms . Imple- 
mentation of recirculating cooling towers would reduce thermal effects over 
what would occur with once- through towers , except that flooded habitat area 
would be smaller. Most aquatic communities would benefit from the reduced 
flow and decreased magnitude of water level fluctuations with implementation 
of a recirculating system. Either alternative would exhibit no potential for 
cold shock, as the maximum weekly average temperature (MWAT) criteria (EPA. 
1977 ) for winter shutdowns would be met . Dissolved solids concentrations in 
the discharge would be higher with the recirculating alternative because of 
cycles of concentration; however, total suspended solids discharge would be 
greatly reduced. 
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Although once- through cooling towers would improve American alligator (which 
has been classified as threatened due to "similarity of appearance") habitat 
over existing conditions , fluctuating water levels and high flow rates could 
destroy nests, eggs, and hibernation sites * This alternative would also 
minimize the availability of preferred foraging habitat for the endangered 
wood stork. Implementation of the recirculating cooling tower would greatly 
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improve the habitat quality for the American alligator and the wood stork. 
Because of the reduced flow* eggs, nests, and hibernation sites of the 
American alligator should not be adversely affected. 

The impacts of both systems on air quality would be similar; however, because 
the recirculating cooling-tower system includes two towers operated in series 
with 2*5 cycles of concentration, the maximum ice accumulation near the towers 
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the maximum annual deposition of total solids (2.2 kilograms per acre per year 
at 2*0 kilometers of the tower versus 0.15 kilogram per acre per year for the 
once-through tower). Because these deposition rates are far below the levels 
that can cause reduced vegetation productivity (83 kilograms per acre per 
year), no impacts on vegetation or wildlife are expected from either cooling- 
tower al ternative • 
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The operation of the once-through cooling tower would not cause any 
significant changes in the remobilization of radionuclides contained in the 
Pen Branch or Four Mile Creek streambeds, because flows in these streams would 
remain essentially unchanged. The operation of recirculating towers for both 
K- and C-Reactors would result in a calculated decrease of about 0,33 curie of 
cesium released to the Savannah River over a year due to the reduced flow* 
The implementation of either the once-through cooling tower or recirculating 
cooling towers would slightly reduce the radiological doses to the maximum 
individual and the 80-kilometer regional population, compared with the 
existing direct-discharge system, which are presently well within standards. 
The decrease in maximum individual and collective (population) doses , however, 
would be greater for recirculating cooling towers than for once-through towers. 

Tables 4-28, 4-29, and 4-30 compare these alternatives, along with the 
expected natural state of Pen Branch within 15 years if reactor operations 
cease, for Reaches 1, 2, and 3, respectively, of that stream* The division of 
the Pen Branch watershed into these reaches was based on the presence of 
distinct stream gradients * These comparisons were made to assess the 
potential impacts of the alternatives on discrete reaches and the ability of 
the entire Pen Branch system to exhibit and maintain a balanced biological 
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Hpflnrihp nntpnhial effects of the 



alternatives on the Pen Branch system. (Similar effects should occur on Four 
Mile Greek for C -Reactor.) 

Impacts On Reach 1 

Reach 1 extends from the K-Reactor outfall down Indian Grave Branch to its 
confluence with Pen Branch and on to SRF Road A; it encompasses approximately 
1 percent (11 of 1100 acres) of the portion of the Pen Branch system that is 
influenced by K-Reactor cooling water discharges , as utilized for the HEP 
analysis (Mac key et al - , 1987). In this reach, the stream is highly 
channelized and has its highest gradient, water temperatures, and flows. 

With the no-action alternative, highly thermally tolerant species of algae 
would be the only biota to occur, in limited areas. No spawning activity 
would occur during reactor outages ; limited spawning could occur during long 
reactor shutdowns, but the success of the spawn would be unsure. 
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Comparison of Potential Environmental Impacts in Reach l a of Pen Branch System 
{page 1 of 2) 



Alternative cooling water system 



Parameter 



No action 



Once-through 
cooling tower 



Flow (variation) , 
m 3 /sec 

Temperature (°C) 
Maximum/AT 

Vegetation 

Aquatic 



11,3 (1-11.3) 
75/48 



Thermally tolerant 
algae only. 



fti parian 



Not present due to 
high temperatures. 



Macro in vertebrates 



Not present due to 
high temperatures. 



10.5 (1-10.5) 



32/11 



Limited macrophyte 
development due to 
high flows. 



Limited development 
and distribution 
due to high flows. 



Limited abundance 
and diversity due 
to flows; early 
emergence due 
to AT greater than 
5°C; stranding 
could occur due to 
changing flow 
rates from reactor 
operations . 



Reci rculati ng 
cooling towers 



1 (0.2-1) 



30/6 



Increased macrophyte 
development, but 
less available habitat 
compared to once- 
through system due to 
lower flows. 



Major increase in 
avai lable habi tats; 
shrub/herb community; 
greater species 
diversity than once- 
through system. 

Less available habitat 
than once-through sys- 
tem, comparable or 
higher densi ty ; 
greater diversity, 
reduced potential 
for early emergence, 
1 i ttle chance of 
stranding due to 
more stable flows. 



Natural 
stream b 



0.03 (natural) 



27/0 



Less available 
habitat, greater 
macrophyte species 
diversity, than 
reci rcul ati ng 
system due to low 
natural flows. 

Highest species 
diversi ty ; 
invasion by some 
nonwetl and species 



Least avai lable 
habitat due to 
reduced water 
volume compared to 
reci rculating 
system. Highest 
species diversity, 
no potential for 
early emergence. 
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Table 4-28, 



Parameter 



Fish 
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Comparison of Potential Environmental Impacts in Reach l a of Pen Branch System 
(page 2 of 2) 



Alternative cooling water systems 



No action 



Once-through 
cool i ng tower 



Limited utilization 
hv hpat-tolerant 
mosquitofish during 
reactor outages; 
no spawning by any 
speci es due to 
excessive water 
temperatures ; 
however, limited 
spawni ng could 
occur during 
long shutdowns; not 
utilized by anadro- 
mous and/or riverine 
species. 



Presence of species 
with high flow 
tolerance (i.e., 
minnows, suckers, 
darters) ; 1 i mi ted 
spawning due to 
fast flow, high 
gradient, and 
channelized banks. 
Limited utiliza- 
tion by anadromous 
or riverine species 



Reci rcul ating 
cooling towers 



Natural 
stream* 5 



Maximum development of 
limited fish habitat 
and communities; 
highest fish biomass 
potential for this 
reach; higher spawning 
per uni t area than 
once-through system 
due to reduced flows. 
However, access to 
this reach by fish 
from downstream reaches 
2 or 3 is unlikely 
due to reduced flows, 
shallow water depth, 
and development of 
dense stands of aquatic 
vegetation in these 
reaches . 



Less available 
habi tat due to 
reduced water 
volume and less 
spawning success 
than reci rculati ng 
system. Access to 
this reach from 
downstream reaches 
2 or 3 would also 
be limited due to 
reduced f 1 Gws , 
shal 1 ow water 
depth, and devel- 
opment of dense 
stands of aquatic 
vegetation wi thi n 
these lower 
reaches. 
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Endangered species 
(wood stork) 



Waterfowl 



No util i2ation - 
lack of suitable 
habitat. 

No uti 1 ization - 
lack of suitable 
habi tat. 



No uti i i zan on - 
lack of suitable 
habitat. 

Very low uti 1 i- 
zation - lack of 
suitable habitat. 



No utilisation - 
lack of suitable 
habitat. 

Very low uti 1 i - 
zation - lack of 
suitable habitat. 
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lack of suitable 
habi tat . 

Very 1 ow uti 1 i- 
zation - lack of 
suitable habitat. 



a. Reach 1 comprises approximately 1 percent of the Pen Branch system that is influenced by reactor 

operati on . 

b. Stream system expected within a 15-year period after reactor operations cease. 



Table 4-29 



Parameter 



Flow (variation) , 
m 3 /sec 

Temperature (°C) , 
Maximum/ AT 

Vegetation 

Aquatic 



I 

CO 



Ri parian 



Comparison of Potential Environmental Impacts in Reach 2 a of Pen Branch System 
(page ) of 2) 



Alternative cooling water system 



No action 



Once-through 
cooling tower 



Reci reflating 
cooling towers 



Macroi nvertebrates 



11.5 (1.17-11.5) 
63/30 



Thermal ly tolerant 
algae only. 



Isolated communi- 
ties limited to 
sandbars and stumps 
due to high flows 
and temperatures. 



Minimal use by 
thermally tolerant 
species (e. g. , 
oligochaetes and 
nematodes) . 



10.7 (1.17-10.7) 



32/6 



Limited macrophyte 
development due to 
high flows; more 
available habitat 
than i n Reach 1 . 



Isolated communi- 
ties limited to 
sandbars and stumps 
due to high flow. 



Greater abundance 
and diversity than 
in Reach 1 ; moderate 
potential for early 
emergence due to AT; 
stranding possible 
due to variable flow 
rates from reactor 
operations . 



1.17 (0.2-1.17) 



29/3 



Increased macrophyte 
development over 
once-through system, 
but less available 
habitat due to reduced 
fl ows. 

Major increase in 
available habitats; 
shrub/herb community 
development; greater 
species diversity 
due to reduced flows. 

Moderate improvement 
in available habitat 
over those in Reach 1 
due to downstream 
reductions in flow 
and temperature. 
Some potential for 
early emergence. 
Little chance of 
stranding due to more 
stable flows. 



Natural 
stream 5 



0.17 {natural) 



26/0 



Less avai 1 abl e 
habitat due to re- 
duced flow volume 
greater diver- 
si ty than once- 
through system. 

Highest species 
di versi ty; 
invasion by some 
nonwetland 
species. 



Least amount of 
available habitat 
due to reduced 
water volume; 
highest species 
density; no 
potential for 
early emergence 
or stranding. 
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Table 4-29. 



Comparison of Potential 
(page 2 of 2) 



Environmental Impacts in Reach 2 a of Pen Branch System 



Alternative cooling water systems 



Parameter 



Fish 
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No action 



Once-through 

cool ing tower 



Reci rculating 
cooling towers 



Natural 
stream b 



Limited habitat 
improvement over 
Reach 1; brief 
utilization by fish 
during reactor 
shutdowns; no 
spawning during 
reactor operations; 
some spawning could 
occur during long 
shutdowns. 



Moderate improve- 


ment in habitat 


condi tions (i.e., 


reduced tempera- 


tures and flows) 


compared to Reach 


1 ; presence of 


r low-toierant 


species; increased 


spawning; limited 


utilization by 


anadromous species 



Less available 
habitat and spawn- 
ing success than 
reci rculating 
system, 1 imiti ng 
access by anadro- 
mous and/or riverine 
species to upper 
reaches due to 
reduced flows and 
dense vegetation. 



Moderate improve- 
ment in habitat 
conditions over 
those in Reach 
1 and once-through 
systems due to 
reduced temperatures 
and flows in upper 
reach. Reduced 
uti 1 i zation and 
spawning near delta 
due to reduced flows 
in shallow depths and 
development of dense 
vegetation, which would 
limit potential access 

riverine species to 
upper part of Reach 2 
and to Reach 1 . 

Endangered species No utilization due No utilization due Very low utilization. Very low utili- 
(wood stork) to excessive temp- to flows and exces- zation due to 

eratures and flow. sive water depth. reduced flows And 

dense vegetation. 
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Waterfowl 



No util ization. 



Moderate utilization Moderate utilization. Moderate utili- 
in backwater areas. zation. 



a. Reach 2 comprises approximately 10 percent of the Pen Branch system that is influenced by reactor 
operations . 

b. Stream system expected within a 15-year period after reactor operations cease. 



Table 4-30. 



Comparison of Potential Environmental Impacts in Reach 3 a of Pen Branch Svst 
(page 1 of 2) J 



em 



Alternative cooling water system 



Parameter 



F] Qw (y^rijjtiun'i 
mVsec 



T j..._^ t Or+\ 

i emperdture { ~ \* } 
Maximum/AT 



No action 



Hi fihl » wlriahlo- 
• ■ ■ 3" ■ J T «■ ■ *+" ' *~ ) 

strongly influenced 
by Savannah River 
fl ows below delta. 



f- 1 / •> A 

d i/ m 



Once-through 
cool i ng tower 



ii i yn i y 



J OU I c 



strongly i nfl uenced 
by Savannah River 
flows bel ow del ta. 



31/ I 



Reci rculating 
cooling towers 



n i yn iy van duie; 
strongly i nf 1 uenced 
by Savannah River 
flows below delta. 

29/0 



Natural 
stream* 1 



mgniy variable; 
strongl y influenced 
by Savannah River 
flows bel ow del ta. 

30/0 



Vegetation 
Aquati c 



I 

in 



Ri parian 



Thermal 1 y tolerant 
algae and bacteria 
only. 



Delta - Thermally 
tolerant herbaceous 
flora. 



Swamp — Cypress/ 
tupelo community. 



Submerged macro- 
phytes limited to 
edge of delta and 
lower braided stream 



owl lirt *■ k li rt 



where present. 



Delta - Herbaceous 
marsh present; 
should extend into 
the cypress/ tupelo 
die-off area. 



*\w;a.mn — Punrncc/ 

tupelo community. 



Less available 
■habitat than with 
once-through system; 
greater abundance 

*j.,« i^« _^.j i n ._ 

uuc tu icuuitu i i uw 

and stable water 
depth. 

Delta - Herbaceous 
marsh present but 
less extensive than 
once-through system; 
some shrub species 
present; old-field 
species would occur 
in drier areas: 



xuarnn f \i t\ r~a c- *■ / 

tupelo community 



Less available habi- 
tat than with 
recirculating 
system; dense 
concentrati ons . 



Delta - Greater 
development of old- 
field community; 
less marsh and 
shrub vegetation 
than reci rrulat i no 
system; develop- 
ment of nonwetland 
species . 

c. .-.*.* r / 

jnamp — v^ypi tis/ 

tupelo community. 
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Macroinvertebrates Greater community 

diversity than in 
Reach 2; dominated 
by thermally 
tolerant species 
(e.g. , oligochaetes 
and nematodes). 



Great increase in 
diversi ty and 
abundance over no 
action due to 
temperature 
reduction; strand- 
ing due to variable 
flows limited to 
delta area (swamp 



Less available 
habitat but higher 
qual i ty than with 
once-through system 
due to reduced flows; 
great increase in 
diversity and 
abundance over no 
action; 1 ittle chance 



Less available 
habitat than recir- 
culating system; 
similar in abundance 
and diversity; 
little chance of 
stranding due to 
more stable flows. 



Table 4-30. 



Comparison of Potential Environmental Impacts in Reach 3 a of Pen Branch System 
(page 2 of 2) 



Alternative cooling water system 



Parameter 



No action 



Once-through 
cooling tower 



Recirculating 
cooling towers 



Natural 
stream b 



Fish 



I 

ro 



(wood stork) 



Wa fp rf awI 



Only thermally 
tolerant species 
near delta; brief 
utilization by fish 
during reactor shut- 
downs; limited 
utilization and 
spawning by anadro- 
mous species in 
upper swamp due. 
to high temperatures 



LJau.i Ii-ii.j ii+ n 1 ! +at inn 
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due to excessive 

temperatures and 
fl ow. 



High to moderate 
uti 1 i zat i on , 
particularly 
below the delta. 



flow is regulated 
by Savannah River) ; 
no early emergence 
expected. 

Habitat greatly 
improved over 
Reach 2; increased 
spawning success, 
util ization, and 
access by anadromous 
and riverine species 
due to reduced 
temperatures. 



of stranding due to 
more stable flows. 



Reduced utilization 
and spawning in delta 
area due to reduced 
flows* shallow water 
depth, and development 
of dense vegetation, 

. .l. : _u . .«..1 A InmU 
Wll I IN WUU IU I IIIIIL 

potential access to 
upper reaches. Habi- 
tat for spawning and 
nursery areas in swamp 
depends on periodic 
flooding by Savannah 
River. 

Increased utilization 
for feeding due to 
reduced flows in delta 
area; this would 
decrease as vegeta- 
tion invades. 



High to moderate Moderate utilization; 

utilization of less than with 

all alternatives once-through 

due to reduced tern- system due to less 

peratures near delta, available habitat 

from flow reduction 
near delta and exten- 
sive vegetation. 



r i. i j i u .. 



till zat i on 
in delta area 
due to flows. 



Less available 
habitat and 
spawning success 
than recirculating 
system due to 
reduced flow and 

flvtoncnwa 1/ ja rt li ^- IS _ 
en tCMJ i »** » *,- y ■_ bu 

tion in delta area 
Swamp util ization 
similar to that 
for recirculating 
system. 



Limi ted uti 1 i zation 
due to reduced 
flows in delta area. 
Decreased use due to 
vegetation invasi on , 
whi ch would be more 
rapid than for re- 
circulating system. 

Moderate to low 
utilization due to 
less available 
habi tat and less 
use than with 
once-through system 
due to extensive 
vegetation. 
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a. Reach 3 comprises approximately 89 percent of the Pen Branch system, as utilized for the HEP analysis 

(Mackey et al . , 1987). 

b. Stream system expected within a 15-year period after reactor operations cease. 



With the once-through cooling-tower alternative, communities of aquatic and 
riparian vegetation should develop, but the areal extent, abundance, and 
species diversity would be limited due to the presence of high and variable 
cooling water flows . The early emergence of some macroinvertebrate species 
could occur because of the elevated water temperature; stranding of some 
macroinvertebrate communities could occur as a result of reactor-induced 
variations in flow. The fishery community would be limited in size and 
dominated by species with high flow tolerance (i.e., minnows, suckers, and 
darters). Spawning by fish would be extremely limited due to fast flow, high 
stream gradient, and channelized banks. The utilization of Reach 1 by 
anadromous and riverine species would be limited due to its distance (6 to 8 
kilometers) from the Savannah River. 



With the recirculating cooling-tower alternative, an increase in the areal 
extent and diversity of riparian vegetation would occur in comparison with 
those for the once-through system. An increase in the areal extent of aquatic 
macropuytes also would occur , but , because of the reduced water flows to be 
experienced with this alternative, the total available habitat would be 
reduced. Less habitat would be available for macroinvertebrate communities, 
but the abundance per unit area would be comparable to that for the once- 
through system. Species diversity would be greater and the potential for 
early emergence of macroinvertebrate species would be reduced over that for 
the once-through system because of reduced temperatures. The more stable 
water flows would produce little chance of stranding of macroinvertebrates. 
The reduced flow associated with this system would limit the areal extent of 
available habitat for fish; however, this habitat would be of hieher aualitv 
than that for any of the alternatives. This alternative would provide the 
highest potential standing crop of fish of the alternatives; higher spawning 
per unit area should occur than with the once-through system. However, access 
to this region by anadromous or riverine fish species from Reaches 2 and 3 is 
unlikely due to reduced flows, shallow water depth, and development of dense 
stands of aquatic vegetation. 
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The complete cessation of reactor operations (i.e.," a return to natural stream 
conditions) would provide less available habitat for aquatic vegetation and 
macro invertebrates than the recirculating coo ling- tower alternative due to a 
further reduction in water flows. Riparian areas would be colonized by some 
nonwetiand vegetation. However, the species diversity of these communities 
would be the highest of all identified alternatives. No potential would exist 
for the early emergence of any macroinvertebrate species. Less habitat would 
be available for fish, and spawning success would be less than that for the 
recirculating system due to lower flows. In addition, access to this region 
by fish from downstream Reaches 2 and 3 would be unlikely due to reduced 
flows, shallow water depths, and the expected development of dense stands of 
aauatic vegetation. 

The stream gradient and flows of Reach 1 would not provide suitable habitat 
for the endangered wood stork or for waterfowl with any alternative. 

Impacts On Reach 2 

Reach 2 extends from SRP Road A to the Pen Branch delta. This reach 
encompasses approximately 10 percent (110 of 1100 acres) of the Pen Branch 
system that is influenced by reactor cooling water discharges, as utilized for 
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The high flows and temperatures expected in Reach 2 (Table 4-29) with the 
selection of the no-action alternative would allow the occurrence only of 



isolated 
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aquatic vegetation would be limited to thermally tolerant algae* Thermally 
tolerant macro invertebrate species would make minimal use of the reach. Only 
limited improvement in the quality of fish habitat would be expected over the 
conditions described for Reach 1. Utilization by fish would be limited to 
brief reactor shutdown periods. No spawning would occur during reactor 
operations; however, limited spawning could occur during long shutdowns* The 
high flows and temperatures would preclude the use of this reach by the 
endangered wood stork and waterfowl. 

The once- through coo ling- tower alternative would reduce water temperatures 
below those for no action, but flows would remain high and variable (Table 
4-29). The high flows would limit riparian vegetation to isolated communities 
on sandbars and stumps. Limited macrophyte development would occur in 
backwater areas of reduced flow; more total habitat would be available than in 
Reach 1. The macroinvertebrate community would have greater species diversity 
and abundance in comparison to Reach 1. Only minimal early emergence should 
occur with some macroinvertebrate species due to elevated temperature; some 
stranding of portions of the macroinvertebrate community could occur due to 
reactor-influenced flow variations . A moderate improvement in fish habitat 
conditions over those in Reach 1 would occur due to downstream reductions in 
temperature » gradient , depth , and £ lows ; this should provide the greatest 
occurrence of flow-tolerant species and more moderate spawning activity within 
the reach. Use of this reach by anadromous species would be limited. The 
endangered wood stork would not use Reach 2, but limited habitat would 
probably be available for waterfowl in backwater areas. 



With the recirculating cooling-tower alternative, reduced flow and temperature 
would provide an increase in riparian habitat ( i *e . . development of a 
shrub/herb community) and greater species diversity in Reach 2. Reduced flows 
would also enable greater aquatic macrophyte development to occur in compari- 
son to the once-through alternative; however, less total habitat area would be 
available. A moderate improvement would occur in habitat available for the 
macroinvertebrate community, in comparison to that expected in Reach 1 with 
this alternative and to the once-through alternative, as a result of 
reductions in temperature and flow. Early emergence of macroinvertebrate 
species would not occur* The reduced flows and temperatures would also 
provide moderate improvement of fish habitat in the upper portions of Reach 2; 
however, the reduced water flows and the increased development of vegetation 
in the lower portions of the reach probably would cause reduced use and 
spawning in the shallow areas of the delta. Access by fish to the upper 
portion of Reach 2 and to Reach 1 could become limited due to reduced flows 
and dense vegetation development* Limited use of this reach by the endangered 
wood stork and waterfowl would occur. 

With a complete cessation of reactor cooling water flows (natural stream 
conditions), the reduced water volumes in the stream would cause further 
reductions in available habitat for aquatic vegetation, macro inverte urates , 
and fish in comparison to the recirculating cooling-tower alternative (Table 
4-29). However, species diversity of the aquatic and riparian vegetation and 
macroinvertebrate communities would be greater in areas where habitat is 
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and fish in comparison to the recirculating cooling-tower alternative (Table 
4-29). However, species diversity of the aquatic and riparian vegetation and 
macroinvertebrate communities would be greater in areas where habitat is 
available. There would be no potential for early emergence of any macroinver- 
tebrate species, and reactor-influenced stranding would not occur. The 
reduced water volumes would cause the present riparian habitat to be colonized 
by nonwetland species. The reduced flows and increased density of vegetation 
would limit fish access to the upper reaches of the stream and, thus, limit 
overall use and spawning. The endangered wood stork would not use Reach 2, 
but limited use by waterfowl would occur. 

Impacts On Reach 3 

Reach 3 of the Pen Branch system, as utilized for the HEP analysis (Mackey et 
al., 1987) extends from the Pen Branch delta approximately 2 kilometers into 
the Savannah River swamp; it encompasses approximately 89 percent (988 of 1100 
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reach is considered to be part of the Savannah River swamp and, therefore, is 
not influenced by reactor operations (Mackey et al, 1987), The stream in 
Reach 3 is highly braided; the gradient is the lowest of all the reaches; 
sheet flow is prevalent; and water flows are extremely variable, influenced 
primarily by periodic Savannah River flooding. The following discussions for 
each alternative consider only the portion of Reach 3 that potentially is 
influenced by reactor operations. 



With the no-action alternative, aquatic vegetation would be limited to 
thermally tolerant algae and bacteria (Table 4-30), Riparian vegetation in 
the delta probably would consist of thermally tolerant herbaceous flora; in 
the swamp, the cypress-tupelo community would predominate. The macroinver- 
tebrate community would be more diverse than that in Reach 2, but it would be 
dominated by thermally tolerant species (e.g., Oligochaetes and Nematodes). 
Only thermally tolerant fish species would occur in the delta area. Brief use 
by some species would occur during reactor shutdowns. In the swamp, high 
temperatures would limit use and spawning by anadromous species. The 
endangered wood stork would not use Reach 3 with this alternative; however, 
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extensive use uy wateLiuwl should uccur, particularly Deiow the delta. 
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With the once-through cooling-tower alternative, submerged macrophytes should 
develop, but their distribution would be limited to the edge of the delta and 
the lower sections of the braided-stream area; in this area, high abundance 
would occur. Herbaceous marsh should develop in the riparian areas of the 
delta, while the cypress-tupelo community would predominate in the swamp. As 
a result of the large reduction in water temperatures, a substantial increase 
in macroinvertebrate community diversity and abundance would occur in 
comparison to the no-action alternative. No early emergence of anv sdpctp^ 
should occur, and stranding due to variable flows would be limited to the 
delta area because flow in the swamp is influenced strongly by Savannah River 
flows. Because of lower flows and temperatures, fish habitat should be 
greatly improved over that present upstream; much greater use and spawning 
success would occur. Some access to Reach 2 would be available for anadromous 
and other species. Because of high flows, the endangered wood stork probably 
would not use this reach for foraging; however, because of lower water 
temperatures, waterfowl should use the delta area to a greater extent than 
they would for the no-action alternative. 
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AD-1 
BC-6 



TC 



Less aquatic vegetation habitat would be available with the recirculating 
cooling-tower system than with the once-through alternative (Table 4-30). 



However , the reduc t ion iu f 1 uw and 
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would provide greater vegetation abundance in the areas of occurrence. In the 
delta area, herbaceous marsh should occur but in less abundance than with the 
once-through alternative; shrub species would also be present and old-field 
species would occur in the drier areas. In the swamp, the cypress-tupelo 
community would predominate. Less macroinvertebrate habitat would be 
available than with the once-through system, but the habitat would be of 
higher quality because of reduced, stable flows, A substantial increase in 
macroinvertebrate community diversity and abundance would occur, and there 
would be little chance of stranding due to the more stable flows. Fish use 
and spawning would be reduced in the delta area as a result of the reduced 
flow, shallow water depths, and increased densities of vegetation, all of 
which could also limit access to the upper stream reaches. In the swamp, a 
high-quality habitat for spawning and nursery functions would occur as a 
result of the influence of the Savannah River on water levels. Use of the 
delta area by the endangered wood stork would increase as a result of reduced 
flows; however, this eventually would decrease as revegetation of the area 
proceeds. Less habitat would be available in the delta for waterfowl in 
comparison to the once-through alternative because of flow reduction and the 
related revegetation of the area* 

With a complete cessation of reactor cooling water discharge (natural stream 
conditions), less habitat would be available for aquatic vegetation than with 
the recirculating cooling-tower alternative. However, in the available areas, 
dense concentrations should occur* In the riparian areas of the delta, there 
would be greater development of an old-field community, with less marsh and 
shrub vegetation than with the recirculating alternative. In the swamp, the 
cypress-tupelo community would predominate. Less macroinvertebrate habitat 
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those for the recirculating alternative. There should be little chance of 
macroinvertebrate stranding due to more stable flows. In the delta area, less 
fish habitat would be available and spawning success should be less because of 
reduced flow and revegetation effects that reduce aquatic habitat* However, 
in the swamp, fish use should be similar to that with the recirculating 
system. Limited use of the delta area by the endangered wood stork should 
occur; this would decrease at a more rapid rate than with the recirculating 
alternative due to revegetation- There would be less Use by waterfowl because 
revegetation would cause less available habitat* 

The present worth cost of the once-through cooling-tower system for both 
reactors would be approximately $93 million less than that for recirculating 
cooling towers. However, recirculating cooling towers would cost 
approximately $4 million less to operate each year. In addition, recir- 
culating cooling towers would require approximately 6 months longer to 
construct. The implementation of recirculating cooling towers could reduce 
reactor power by 3.7 percent , compared to only * 1 percent with the 
once- through system (both systems were compared to the No-Action alter- 
native) . Costs to conduct a Section 316(a) Demonstration study would be the 
same for either alternative, about $1.25 million* 
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4.6.1.1 Once-Through Cooling Tower 



The estimated present worth for the once-through natural-draft cooling tower 
with gravity feed at K-Reactor would be approximately $43 million, including 
production losses ($41.4 million without production losses). Estimated annual 
operating costs would be $6*4 million. Preliminary design studies suggest a 
0.2-percent annual average loss of reactor power attributable to the operation 
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Construction would require about 36 months, after a 9-month lead design period. 



The implementation of this alternative would reduce the thermal effects in Pen 
Branch and its delta, while maintaining the current flow levels, thereby 
increasing the available aquatic habitat for fishes and other organisms. 
Continued wetland losses would decrease, and some success ional revegetation 
would occur. Entrainment and impingement losses would be about the same as 
with current operations. Fluctuating water levels and flow rate could 
inundate the eggs, nests, and hibernation sites of the American alligator. 
The availability of foraging habitat for the wood stork would be limited due 
to water depth and flow. Air quality impacts, including fogging and icing, 
elevated visible plumes, and total-solids (drift) deposition would be 
insignificant. 
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About 50 additional curies of tritium would be released per year to the 
atmospheric pathway and about 50 curies less per year to the liquid pathway 
for this alternative. This would result in a reduction of the maximum 
individual effective whole-body dose of 1.1 x 10"^ millirem per year. The 
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person-rem per year. These dose changes are very small in comparison to 
existing operations and natural background. The dose to onsite construction 
personnel due to slightly elevated background levels of radiation produced by 
plant facilities would be 20 millirem per year, based on 2000 hours for 
coo ling- tower construction. 
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The major environmental benefit of this alternative compared to the 
recirculating cooling tower would be that current flow rates in the creek and 
delta would be maintained, thereby providing more potential habitat for 
spawning and foraging by fishes. The present-worth value of this alternative 
would be $47 million less than that for recirculating towers. 
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The principal environmental benefit of this alternatives over the nonaction 
alternative would be the reduction of thermal effects in Indian Grave Branch 
and Pen Branch and the delta and an associated increase in dissolved oxygen 
levels . 
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4.6*1.2 Recirculating Cooling Towers 



The estimated present worth of this alternative would be approximately $90 
million including production losses ($58 million without production losses) . 
Estimated annual operating costs would be $4,4 million. Preliminary design 
criteria suggest a 3.7-percent annual average loss of reactor power 
attributable to the operation of a recirculating cooling- tower system, in 
comparison to the no-action alternative. Construction would require about 42 
months, after a 9-month lead design time. 
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This alternative would reduce water temperatures in Pen Branch and its delta , 
but would also greatly reduce the flows in these areas* Approximately 0*6 
cubic meters per second would be discharged as a result of this alternative* 
in contrast to the present discharge rate of 10.5 cubic meters per second. 
The reduction in thermal effects would allow recolonization by fishes and 
other organisms but would greatly reduce the habitat area. Losses of wetlands 
would essentially cease* and an estimated 500 acres should become re- 
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no impacts associated with cold shock during the winter. Total annual 
entrainment (eggs and larvae) would be reduced from 13.4 x 10 to 2,0 x 
10*, while total annual impingement would be reduced from approximately 2942 
to 427 fish* Habitat quality for the American alligator would be improved; 
the inundation of eggs, nests* and hibernation sites would be improbable. The 
availability of foraging habitat for the endangered wood stork would be 
enhanced . 
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Impacts to air quality would be similar to those expected for a once-through 
tower and, although salt deposition would be higher than that for the 
once-through tower. levels would be far below those that would cause 
vegetative stress . 

The operation of this alternative would reduce flows in Pen Branch, resulting 
in a decrease in the cesium-137 release to the Savannah River of 0.12 curie 
per year. About 425 additional curies of tritium would be released per year 
to the atmospheric pathway* and 425 fewer curies of tritium would be released 
per year to the liquid pathway. The reduction in cesium-137 and the change in 
the release of tritium would result in a decrease in the maximum individual 
effective whole-body dose of about 7.0 x 10 ~ 2 millirem per year. The 
collective effective whole-body dose would decrease by about 4.8 x 10"' 
person-rem per year* The dose to onsite construction personnel due to 
slightly elevated background levels of radiation produced by SRP facilities 
would be 20 millirem per year, based on 2000 hours for cooling-tower 
construction. 



The principal environmental benefits of recirculating cooling towers compared 
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greater amount of wetlands and the reduction in entrainment and impingement 
losses . 



The major advantage over the no-action alternative would be the improvement in 
water quality in Pen Branch and its delta by the reduction of temperatures and 
flows and the increase in dissolved oxygen concentrations. 

4.6.1.3 No Action 

There would be no capital costs or increases in annual operating costs with 
this alternative* 
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The no-action alternative would result in the continuation of thermal 
discharge effects to Pen Branch and its delta. The high-water temperatures 
would prevent fish from using the waterways for foraging or spawning and would 
not meet State of South Carolina Class B water classification standards. A 
potential for cold shock would remain and annual wetland losses of about 26 
acres per year would continue* Entrainment and impingement losses would be 
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maintained at current levels- Habitat value for the American alligator, which 
has been classified as "threatened due to similarity of appearance," and 
endangered wood stork would remain low. There would be no impacts on air 
quality, noise, or archaeological sites with this alternative* 
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The maximum individual dose would continue at about 3*3 millirem per year* 
The collective dose would be about 80. 7 person-rem per year and is about 






There are no important environmental benefits to the no-action alternative 
with respect to either the once- through or recirculating cooling towers. 
There would be a considerable savings in construction (a minimum of 
$41.4 million) and operating (a minimum of $4,4 million per year) costs over 
those for the implementation of either cooling-tower system. 
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4.6,2 ALTERNATIVES FOR C -REACTOR 



The comparison of impacts of the two cooling-tower alternatives for C-Reactor 
are similar to those associated with K-Reactor described in Section 4*6.1, 
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4.6.2.1 Once-Through Cooling Tower 

The estimated present worth for the once- through, natural-draft , gravity-feed 
cooling tower at C-Reactor would be approximately $44 million, including 
production losses ($42,4 million without production losses) . The estimated 
annual operating costs would be $6.4 million. The construction would require 
36 months following a 9-month design phase* Reactor power should drop by 
1 percent due to the operation of the once- through system, compared to the 
No-Action alternative. As with K-Reactor , C-Reactor would require an 
additional $1.25 million for a 316(a) Demonstration study. 
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The implementation of this alternative would reduce the thermal effects in 
Four Mile Creek and its delta while maintaining the current flow levels, 
thereby increasing the available aquatic habitat for fishes and other 
organisms . Continued wetland losses would decrease , and some successional 
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the same as with current operations . Fluctuating water levels and flow rate 
could inundate the eggs, nests, and hibernation sites of the American 
alligator. The availability of foraging habitat for the wood stork would be 
limited due to water depth and flow* Air quality impacts , including fogging 
and icing, elevated visible plumes, and total-solids (drift) deposition would 
be insignificant . The construction of the once— through cooling tower would 
disturb one known prehistoric site that has been determined to be 
ins ignif leant . 
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About 50 additional curies of tritium would be released per year to the 
atmospheric pathway, and about 50 curies less would be released per year to 
the liquid pathway for this alternative. This would result in a reduction of 
the maximum individual effective whole-body dose of 1.1 x 10" millirem per 
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10 ~ 2 person— rem per year. These dose changes are very small in comparison 
to existing operations and natural background* The doge to onsite construc- 
tion personnel , due to slightly elevated background levels of radiation 
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produced by plant facilities, would be 
hours for cooling-tower construction. 



20 millirem per year based on 2000 



An advantage of the once-through tower over recirculating towers would be the 
maintenance of existing flow levels in the creek and delta, thereby providing 
more potential habitat for fish and other organisms. The present-worth value 
BC ~ 6 of this alternative would be approximately $46 million less than that for 
recirculating towers- 

The principal advantage of a once-through tower over no action would, be the 
reduction of water temperatures and an increase in concentrations of dissolved 
nxv^en in Four Mile Creek. 
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4.6*2*2 Recirculating Cooling Towers 

The estimated present worth of this alternative would be approximately $90 
million including production losses ($58 million without production losses). 
Estimated annual operating costs are $4.4 million. In addition to these 
costs* the estimated cost to conduct a Section 316(a) Demonstration study 
would be $1 . 25 million. Preliminary design criteria suggest a 4-percent 
annual average loss of reactor power attributable to the operation of a 
recirculating cooling-tower system, compared to the no-action alternative* 
Construction would require about 42 months, after a 9~month lead design time. 



This alternative would reduce water temperatures in Four Mile Creek and its 
delta, but would also reduce the flow in these areas by about 92 percent* The 
reduction in thermal effects would allow reco Ionization by fishes and other 
organisms but would greatly reduce the habitat area. Losses of wetlands would 
essentially cease, and an estimated 1000 acres would become reestablished 
through the process of natural plant succession. There would be no impacts 
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and larvae) would be reduced from 13*4 x 10° to 2.0 x 10°, while total 
annual impingement would be reduced from approximately 2942 to 427 fish* 
Habitat quality for the American alligator would be improved; the inundation 
of eggs, nests, and hibernation sites is unlikely. The availability of 
foraging habitat for the endangered wood stork would be enhanced. Impacts to 
air quality would be similar to those expected for a. once-through tower and, 
although salt deposition would be higher than for once-through towers, levels 
would be far below those that cause reduced vegetative productivity. The same 
prehistoric site that would be disturbed by construction of the once-through 
system would be impacted by this alternative. 

This alternative would result in a decrease of 0.21 curie per year of 
cesium-137 released to the Savannah River. The radiological releases for 
C -Reactor would be similar to those described for K^Reactor in Section 
4.6.1,2, except the total decrease in the maximum individual effective 
whole-body dose and the collective effective whole-body dose due to cesium and 
tritium releases would be 1.2 x 10" 1 millirem per year and 6*6 x 10 
person-rem per year, respectively. The dose to onsite construction personnel 
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due to slightly elevated background levels or 

facilities would be 20 millirem per year, based on 2000 hours for 

cooling- tower construction. 
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The principal environmental benefits of this system over a once-through tower 
would be the successional re-establishment of a greater amount of wetlands and 
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4.6.2.3 No Action 

The no-action alternative would result in no changes in the existing impacts 
on the aquatic and wetland environments associated with the Four Mile Creek 
system. These impacts would be similar to those described for Pen Branch and 
its delta (see Section 4*6.1.3). 

This alternative would not comply with South Carolina ' s Class B water 
classification standards- Radiological releases would be approximately the 
same as those described in Section 4,6.1.3 for K-Reactor, except cesium-137 
releases from creek sediments would be slightly lower. There would be a 
considerable construction cost savings (more than $90 million) over the other 
two systems. 

4.6.3 COMPARISONS FOR D-AREA 

4.6.3.1 Increased Flow with Mixing 

Increased flow could be implemented immediately without any capital costs. 
Annual operating costs would increase by about $30,000 per year. 

The implementation of this alternative would reduce the thermal effect in 
Beaver Dam Creek during extreme summer temperatures by temporarily increasing 
flow. The lowering of water temperatures would improve the aquatic habitat in 
the creek, which would permit greater use by aquatic organisms* Entrainment 
and impingement losses would remain about the same as with current operations, 
because there are few adults and spawning in the vicinity of the intake durine 
the summer. Temporary wetland losses would only total about 4 acres during 
periods when pumping was necessary. American alligator habitat would not be 
affected, but some decrease of wood stork habitat in the area could result 
from greater water depths during periods when extra pumping would be required 
to meet Class B water classification standards. There would be no impacts to 
air quality » noise, release of radionuclides, or archaeological resources due 
to the implementation of this alternative . 

The principal advantage of this alternative over direct discharge would be 

that present flows in Beaver Dam Creek would be maintained, thereby preserving 

the existing aquatic habitat and habitat for the American alligator BE-5 

(threatened due to "similarity of appearance' 1 ) and endangered wood stork. In 

addition, the estimated costs of implementing this alternative would be about 

$14 million less than those for the direct-discharge alternative. 

The advantage of this alternative over no action would be the reduction of 
thermal effects in the creek during periods of high summer temperatures. 

4.6.3-2 Direct Discharge 

^ — — — ■ — - — •■ ■*• 

Construction of the discharge pipeline would require a capital cost of 
approximately $14 million and about 22 months to complete. Its operation 
would increase annual operating costs by about $50,000 per year, 
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This alternative would lower water temperatures to ambient levels in Beaver 
Dam Creek by discharging the powerhouse effluent directly to the Savannah 
River. The removal of the discharge flow from Beaver Dam Creek would decrease 
water levels in the creek, thereby reducing available spawning and foraging 
habitat for aquatic organisms. An estimated 1 acre of wetlands and 5 acres of 
uplands also would be affected by the construction of the pipeline. There 
would be small increases in water temperatures within the discharge mixing 
zone in the river, Entrainment and impingement effects would be the same as 
for present operating conditions * The decrease in water level and removal of 
heated water from the creek would significantly degrade the existing 
endangered American alligator and wood stork habitat* There would be no 
impacts on air quality, noise, radiological releases, or archaeological 
resources. 

The only advantage of direct discharge over the increased flow alternative 
would be the complete elimination of all thermal discharges from Beaver Dam 
Creek. The advantage of this alternative over no action would be the 
elimination of releases of heated water to the creek. 

4*6*3.3 No Action 

This alternative would require no costs or delays* It would maintain the 
existing environmental conditions in Beaver Dam Creek. Periodically, water 
temperatures would exceed the 32,2°C Class B water classification standards 
and would continue to limit the use of the area by aquatic organisms at these 
times - Entrainment and impingement losses would remain, at ^resent levels . 
TC The existing habitat for the American alligators ("threatened due ■ to 
similarity of appearance") and marginal foraging habitat for the endangered 
wood stork would be unchanged . 

An environmental advantage to selecting the no-action alternative over 
increased flow would be the prevention of adverse impacts to about 4 acres of 
wetlands and 4 acres of uplands ; there would also be a saving in estimated 
operating costs. 

The principal environmental benefit of this alternative over direct discharge 
would be that it would maintain existing water flows and levels in Beaver Dam 
T „ Creek, thereby maintaining habitat for the American alligator and the wood 
stork and aquatic organisms* It would also prevent adverse impacts to about 1 
acre of wetlands and 5 acres of uplands due to construction. There would also 
be a capital cost savings of $14 million initially and $140,000 per year 
thereafter. 
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CHAPTER 5 
FEDERAL AND STATE ENVIRONMENTAL REQUIREMENTS 

This chapter summarizes the major FederaL and State of South Carolina require- 
ments that are applicable to the cooling water alternatives for K- and 
C-Reactors and the D-Area coal— fired powerhouse - Section 5.1 discusses appli- 
cable statutes and regulations . Sections 5 . 2 through 5 .8 identify the actions 
that have been taken to satisfy these requirements . Table 5-1 lists the. TC 
permits and other environmental approvals needed to imp 1 erne [it the cooling 
water alternatives and the status of each. 

In addition to securing these permits and complying with applicable standards, 
the U.S. Department of Energy (DOE) is required to comply with several 
separate environmental requirements, such as the National Environmental D olicy 
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and regulations to ensure the environmental, health, and safety protection of 
its facilities (Section 5.9). 



5*1 APPLICABLE STATUTES AND REGULATIONS 

National Environmental Policy Act of 1969, as amended (NEPA) (42 U.S.C. 4321 
et seq. ) 

The National Environmental Policy Act of 1969* as amended , requires "all agen- 
cies of the Federal Government" to prepare a detailed statement on the environ- 
mental effects of proposed "major Federal actions significantly affecting the 
quality of the human environment/' This environmental impact statement has 
been prepared in accordance with the Council on Environmental Quality Regula- 
tions on Implementing the National Environmental Policy Act (40 CFR 1500-1508 ) 
and DOE Guidelines for Compliance with the National Environmental Pol icy Act 
(45 FR 20694, March 28, 1980), as amended. 
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DOE is required to comply with radiation guidance established pursuant to the 
Atomic Energy Act of 1954, as amended [42 U.S.C. 2201(g)] , which authorizes 
the establishment by rule, regulation, or order s tandards to protect health or 
minimize dangers to life or property. In accordance with the Energy Reorgani- 
zation Act of 1974, DOE defense-related operations are not subject to the reg- 
ulations of the Nuclear Regulatory Commission. DOE has issued extensive stan- 
dards and requirements to ensure safe operations. 

Executive Order 12088 (October 13, 197 8) 

This Executive Order requires Federal agencies to comply with applicable admin- 
istrative and procedural pollution control standards established by, but not 
limited to, the following Federal laws: 

1. Toxic Substances Control Act (15 U.S.C. 2601 et seq.) 
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Table 5-1. Required Regulatory Permits and Notifications 



Acti vi ty/facili ty 



Recfui rement(s) 



Agency 



Status 



Water 



Conl i ng water 
system construc- 
tion 



Const rurt inn oermi t.s 



South Carolina Department 
Health and Environmental 
Control, Industrial and 
Agri cultural Wastewater 
Di vi sion 



of 



To be submi tted by 
September 30, 1988, 
subject to the 
Appropriation of 
funds by Congress 



T/ 1 



I 



Section 404 permit* 



Section 401 
certi f ication D 



U.S. Army Corps of 
Engineers (COE) 

South Carolina Department 
of Health and Environmental 
Control , Di vi sion of 
Water Qual i ty 



Section TO permit for U.S. Army Corps of 
structures in navigable Engineers (COE) 
waters 3 



Permit for structures 
in navi gaol e waters 3 



South Carolina Budget and 



Lomru i Buiru 



To be submitted prior 
to construction 

Requested by COE as 
as part of the 
dredge and f il 1 
permit process 

To be submi tted 
prior to con- 
struct! on 

To be submitted 
pri or to con— 
struction 



TC 



Cooling water dis- 
charges 



NPDES permit 



South Carolina Department 
of Health and Environmental 
Control, Industrial and Agri- 
cultural Wastewater Division 



Issued; modification 
to permit conditions 
to be made prior to 
operation of cooling 
water system 



TE 






fh 






2.8°C temperature 
requi rernent^ 



Water wi thdrawal 
water use 



■J i u \ u ; \ mi-' "»• i 

impact ) study 



Quarterl y reporting 



riisnar + man t 



South Carolina 
of Health and Environmental 
Control, Industrial and Agri- 
cultural Wastewater Division 



South Carolina Water 
Resources Commission 



P! 5f1S for rnnritjrti 0,0 

studies to be sub- 
mi tted wi thi n two 
months following 
project completion 

Routine reports will 
continue to be 
submi tted 



Table 5-1. Required Regulatory Permits and Notifications (continued) 






Activity/facility Requi rement { s) Agency Status 



Endangered species Consultation/ U.S. Fish and Wildlife Service Consultations with 

biological FWS completed 



assessment 

Fish and Wildlife Consultation/ U.S. Fish and Wildlife Service Consultations with 

Coordination Act consideration p^5 completed 

of f i sh and wi ld- 
1 i 1 e resources 

Migratory Bird Consultation with FWS U.S. Fish and Wildlife Service Consultation with FWS 

Treaty Act completed 

Anadromous Fish Consultation with FWS U.S. Fish and Wildlife Service Consultation with FWS 
Conservation completed 

Act 

Historic preservation Archaeological survey South Carolina Historic Surveys and assess- 

and assessment Preservation Officer merits completed; 

consultation with 
SHPO completed 

Floodplains/wetlands c Assessment and U.S. Department of Energy Notice published in 

determination Federal Register 

(51 FR 10654) con- 
currently with 
Notice of Avai 1- 
abil i ty of the draft 
EIS on March 28, 
1986; determination 
publ i shed after 
completion of FEIS. 



a. Applicable to the D-Area coal-fired powerhouse direct discharge alternative. 

b. Applicable to once-through cooling-tower alternatives for K- and C-Reactors and the increased pumping 
alternative ior the D-Area coal-fired powerhouse. 

c. Refer to Appendix F, 



2. Federal Water Pollution Control Act (33 U.S.C 1251 et seq.) 

3. Public Health Service Act, as amended by the Safe Drinking-Water Act 
[42 U.S.C. 300 (f) et seq J 

4. Clean Air Act (42 U.S.C. 7401 et seq.) 

5* Noise Control Act (42 U.S.C. 4901 et seq.) 

6. Solid Waste Disposal Act (42 U.S.C 6901 et seq.), also referred to as 
the Resource Conservation and Recovery Act 

National Historic Preservation Act o£ 1966 (16 U.S.C. 47Q et seq.) 

No permits , cert if lc at ions, or approvals related to historic preservation are 
required; however* DOE must provide the Advisory Council on Historic Preserva- 
tion an opportunity for comment and consultation, as required by the Historic 
Preservation Act of 1966 [16 U.S.C 470(f) et seq.]. Section 106 of this Act 
requires any agency with jurisdiction over a Federal "undertaking 11 to provide 
the Council an opportunity to comment on the effect the activity might have on 
properties included in* or eligible for nomination to, the National Register 
of Historic Places . 

In addition, Executive Order 11593 (May 13, 1971) requires Federal agencies to 
locate, inventory, and nominate properties under their jurisdiction or control 
to the National Register of Historic Places , if those properties qualify. 
Until this process is complete * the agency must provide the Advisory Council 
an opportunity to comment on the possible impacts of the proposed activities 
on the properties. 

Executive Orders 11988 (Floodplain Management) and 11990 (Protection of Wet- 
lands) (May 24, 1977) 

These Executive Orders require that government agencies avoid, to the extent 
practicable, any short- and long-term adverse impacts on floodplains and 
wetlands wherever there is a practicable alternative. DOE has issued 
regulations (10 CFR 1022) to establish DOE compliance procedures for these 
Executive Orders * 

Section 118 of the Clean Air Act, as amended (42 U.S.C 7420) 

Section 118 of the Clean Air Act , as amended, requires that each Federal 
agency, such as DOE, with jurisdiction over any property or facility that 
might result in air pollutant discharges , comply with M all Federal > State, 
interstate, and local requirements" with regard to the control and abatement 
of air pollution. Authority for regulation of air emissions has been 
delegated by the U.S* Environmental Protection Agency (EPA) to the South 
Carolina Department of Health and Environmental Control (SCDHEC), Bureau of 
Air Quality Control, SCDHEC requires air emission construction permits for 
const rue t ion * alteration, or addition to a source of air emissions . 
Consequently * an air emission operating permit is required for any new and 
continuing source of air contaminants* A Prevention of Significant 
Deterioration (PSD) review is required for any proposed new construction or 



any modification of a major source that will result in a significant increase 
in the emission rate. EPA has promulgated final regulations for aicborne 
radiation limits at DOE facilities (40 CFR 61; 50 FR 5190). 

Section 316(a) of the Federal Water Pollution Control Act, as amended (33 
U.S.C. 1326) 

Section 316(a) of the Federal Water Pollution Control Act, as amended, author- 
izes EPA's Regional Administrator to set alternative effluent limitations on 
the thermal component of discharges if the owner/operator (DOE) demonstrates 
that the proposed thermal effluent limitations are "more stringent than 
necessary to ensure the protection and propagation of a balanced, indigenous 
population of fish, shellfish, and wildlife in or on a body of water into 
which the discharge is to be made.'* This satisfactory demonstration is to be 
made to SCDHEC, because it has received the NPDES" authority and is the 
decisionmaker; however program overview is by EPA* The owner /operator must 
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critical functions of a particular trophic level are maintained in the water 
body as they existed before the introduction of heat and that the impact 
caused by the heated effluent will not result in appreciable harm to the 
balanced, indigenous community. This is to include scientific evidence that a 
balanced biological community will be maintained; no adverse impacts to 
threatened and endangered species will occur; no unique or rare habitats will 
be destroyed; passage zone for representative, important species will be 
provided; and receiving-water temperatures outside any (State-established) 
mixing zone will not exceed the upper temperature limits for survival, growth, 
and reproduction of any representative, important species occurring in the 
receiving water. 

Section 404 of the Federal Water Pollution Control Act, as amended (33 U.S.C. 
1344); River and Harbors Act of 1899 (33 U.S-C. 401 et seq.) 

The Federal Water Pollution Control Act, as amended, requires all branches of 
the Federal Government engaged in any activity that might result in a dis- 
charge or runoff of pollutants to comply with Federal , State, interstate, and 
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discharge of dredged or fill material into the waters of the United States 
(404 permits) has been given to the U.S. Army Corps of Engineers (C0E), 
SCDHEC has been delegated authority by EPA to regulate wastewater discharges 
(NPDES permits). Individual (case-by-case) permits issued by C0E under 
Section 404 of the Federal Water Pollution Control Act, as amended 1 are 
reviewed by EPA (40 CFR 230). The discharge of dredged and fill material into 
headwaters of creeks where the natural flow is 0.142 cubic meter per second or 
less , providing applicable reporting /permit ting requirements are met , is 
covered under a nationwide permit issued by C0E. 

The Rivers and Harbors Act of 1899 prohibits dredging, construction, or other 
work affecting or in navigable waters of the United States, except in compli- 
ance with Sections 9 and 10 of the Act . C0E is empowered to issue permits 
specifying acceptable activities in navigable waters (33 CFR 320.4, 321 , 322, 
and 325). 

The South Carolina Budget and Control Board has a parallel permitting system 
with C0E (permits for construction in navigable waters, Regulation 19-450), 
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that is administered by the South Carolina Water Resources Commission 
(SCWRC J. The permit application submitted to COE also serves as the permit 
application to SCWRC; a separate permit application is not required. 

Sect ion API of the Federal Water Pollution Control Act, as amended (33 U.S.C. 
1341 

Section 401 of the Federal Water Pollution Control Act, as amended, requires 
certification from SCDHEC so discharges of dredged and fill material into 
navigable waters will comply with applicable effluent limitations and 
water-quality standards. This certification is a prerequisite for the 404 
permit. 

South Carolina Pollution Control Act, as amended (Title 48, Chapter 1 of the 
1976 Code of Laws of South Carolina) 

Under this Act, SCDHEC has authority to require construction permits tor the 
construction of any wastewater treatment facility and any wastewater collec- 
tion and transmission system. An engineering report and specifications must 
be submitted to SCDHEC along with a construction permit application. 
Construction cannot begin until SCDHEC has approved the engineering report and 
issued a construction permit. 

No ise Control Act of 1972, as amended (42 U.S.C. 4901 et seq.) 

oeccion ** or me iMoiae \_iuuliui ^l ui 17/^^ <*& dmcuucu , uj.j-^^'-o a*.*. *^«^*-«.v 
agencies "to the fullest extent within their authority" to carry out programs 
within their jurisdictions in a manner that furthers a national policy of pro- 
moting an environment free from noise that jeopardizes health or welfare. 

Endangered Species Act of 1973, as amended (16 U.S»C* 1531 et seq.) 

The Endangered Species Act of 1973, as amended, is intended to prevent the 
further decline of endangered and threatened species and to bring about the 
restoration of these species and their habitats. The Act is jointly 
administered by the Departments of Commerce and the Interior, and does not 
require a permit, certification, license, or other formal approval. Section 7 
does * however , require consultation to determine whether endangered and 
threatened species are known to be present or to have critical habitats on or 
in the vicinity of the proposed action* 

Fish and Wildlife Coordination Act, as amended (16 U.S.C. 661 et seq.) 

The Fish and Wildlife Coordination Act, as amended, requires that equal consid- 
eration be given to the conservation of fish and wildlife resources during the 
development of a water-related project. Specifically, the Act requires that 
consultation be carried out with FWS and appropriate State wildlife agencies 
with a view to the conservation of wildlife resources by preventing loss of 
and damage to such resources and by providing for the development and 
improvement thereof in connection with the project, DOE is required to give 
full consideration to the recommendations of the Secretary of the Interior and 
the State agency. The project plan shall include such justifiable means and 
measures for wildlife purposes that the reporting agency finds should be 
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adopted to obtain maximum overall project benefits. No permit is required by 
this Act* However, DOE* subsequent to its consultations with FWS, will 
consider the mitigation of impacts to fish and wildlife resources in 
accordance with the FWS Mitigation Policy (DOI, 1981). 

Migratory Bird Treaty Act (16 U.S.C. 703 et seq. ) 

The Migratory Bird Treaty Act was enacted primarily to protect birds that have 
common migration patterns between the United States and Canada, Mexico, Japan, 
and Russia. It regulates the harvest of migratory birds by specifying the 
mode of harvest, hunting seasons, and bag limits. The Act stipulates that it 
is unlawful at any time, by any means, or in any manner to "kill... any migra- 
tory bird." Thus, avian mortality attributable to SRP operations would be 
unlawful under the provisions of this Act . Although no permit for this proj- 
ect is required under the Act, DOE is required to consult with FWS regarding 
impacts to migratory birds, and to evaluate ways to avoid or minimize these 
effects in accordance with the FWS Mitigation Policy (DOI, 1981)* 

Anadromous Fish Conservation Act (16 U«S,C. 757a-f) 

The principal purpose of the Anadromous Fish Conservation Act is to enhance 
the conservation and development of the anadromous fishery resources of the 
United States that are subject to depletion from water resource development . 
Its applicability to the Plant is that populations of anadromous fishes are to 
be sustained and their movements unobstructed by Plant operations . Although 
there is no permit required by this Act, DOE is required to consult with FWS 
regarding impacts to anadromous fishes, and to evaluate ways to avoid or 
minimize these effects in accordance with the FWS Mitigation Policy (DOI , 
1981)* When an anadromous fish is an endangered species, the National Marine 
Fisheries Service (U.S. Department of Commerce ) would be involved through the 
Endangered Species Act* 

Safe Dr i nking Water Act, as amended (42 U.S.C. 300f et seq.) 

The Safe Drinking Water Act's primary objective is to protect the quality of 
public water supplies and all sources of drinking water, SCDHEC has primary 
enforcement responsibility through the State Safe Drinking Water Act of 1976, 
as amended (Title 44, Chapter 55 of the 1976 Code of Laws of South Carolina). 
SCDHEC administration and enforcement consist of construction permits, prelim- 
inary site inspections , final construction inspections , monthly sampling col-' 
lections, and regular operations and maintenance inspections. 



5.2 HISTORIC PRESERVATION 

An archaeological survey and testing program was conducted by the Savannah 
River Plant Archaeological Research Program, South Carolina Institute of 
Archaeology and Anthropology, from May 16 through August 17, 1984 > to deter- 
mine the significant sites that would be affected by the implementation of 
cooling water alternatives for K- and C-Reactors in the Pen Branch and Four 
Mile Creek areas* During this survey, 65 discrete archaeological resource 
sites were located and 23 were considered to be significant . The only site 
that potentially could be affected by proposed alternatives for C-Reactor is 
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38BR548; however, it is one of the 42 sites considered to be not significant* 
The proposed cooiing water alternatives for K-Reactor involve none of the 
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The 23 sites that are considered to be archaeologically significant are poten- 
tially eligible for nomination to the National Register of Historic Places . 
Consultation with the South Carolina State Historic Preservation Officer 
(SHPO) has resulted in the opinion that the construction of alternative cool- 
ing water systems for K- and C-Reactors will have "no adverse effect" on sites 
eligible for inclusion in the National Register , DOE, as part of its regular 
monitoring program of the onsite streams, will monitor flows in Beaver Dam 
Creek, Four Mile Creek, and Pen Branch* If any erosion that would impact any 
archaeological site is found, DOE will notify the SHPO, as was requested when 
the no adverse impact determination was rendered (Lee, 1986). 

An extensive archaeological survey was conducted by the SRP Archaeological 
Research Program during October and November 1985 along Beaver Dam Creek to 
identify significant archaeological sites that could be affected by the 
cooling water alternatives for the D-Area powerhouse* During this survey, no 
significant archaeological sites were located that would be affected by the 
direct-discharge alternative. One significant site was identified that fell 
within the general area potentially affected by the inc r eased- f low-wit h- 
mixing alternative. However, because of its specific location, this site 
would not be affected by erosion or inundation from increased pumping to the 
raw-water basin al ternative . This site has been recommended by DOE to the 
State Historic Preservation Officer for eligibility for nomination to the 
National Register of Historic Places . Neither the Advisory Council on His- 
toric Preservation (Klima, 1986) nor the State of South Carolina Historic 
Preservation Officer (Lee, 1986) object to a determination of "no effect" for 
archaeological site 38BR450 in relation to increased flows in Beaver Dam Creek 

Cn-ArPA 1 



5,3 SOLID WASTE DISPOSAL 

The SRP Sanitary Landfill is designed and operated according to SCDHEC guide- 
lines for receiving domestic waste from SRP construction and operational 
activities. The Sanitary Landfill site is being expanded to 67 acres . Solid 
nonhazardous wastes generated during construction of selected alternatives 
will be disposed of in this facility. No hazardous wastes will be generated 
as a result of implementing any cooling water alternative discussed in this 
EIS. 



5.4 ENDANGERED SPECIES 

The Endangered Species Act requires each Federal agency to ensure that any 
action it authorizes, funds , or carries out does not jeopardize endangered or 
threatened species (or those that are proposed as such) or result in the 
destruction or adverse modification of designated critical habitat . Federal 
agencies are required to consult with FWS and /or NMFS regarding the 
implementation of a proposed action. If FWS or NMFS indicates that an 
endangered or threatened species or critical habitat could be present in the 
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area of the proposed action, a biological assessment must be prepared. This 
assessment is used as a basis for evaluating the effects on Federally- 
protected species through the formal consultation process. 

Formal consultations were held between DOE and FWS to comply with the 
Endangered Species Act of 1973. Based on these consultations, FWS issued a 
biological opinion that the preferred alternative cooling systems should have 
no etrect on the American alligator, red-cockaded woodpecker, wood stork 
(Parker, 1986), or bald eagle (Henry, 1986). NMFS had previously concurred in 
DOE's determination that the population of the shortnose sturgeon in the 
Savannah River would not be adversely affected by SRP operations (Oravetz, 
1983), 
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5,5 WILDLIFE AND FISHERIES 



Three regulations grant protection to wildlife and fisheries resources* These 
are the Fish and Wildlife Coordination Act, the Migratory Bird Treaty Act, and 
the Anadromous Fisheries Conservation Act, The Acts do not require 
application for or acquisition of a permit. However, each requires that DOE 
consult with FWS about impacts to fish and wildlife. 

Consultations have been completed with FWS to ensure that DOE will comply 
fully with these three Acts. To assist in these consultations, a Habitat 
Evaluation Procedure (HEP) analysis was conducted which identified the value 
of habitat to be gained or lost with the potential implementation of the 
cooling water alternatives (Mackey et al,, 1987)* 
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5.6 WATER QUALITY 

Section 402 of the Federal Water Pollution Control Act, as amended, is the 
basis for controlling "point source" discharges of pollutants into navigable 
waters of the United States through the National Pollutant Discharge Elimina- 
tion System (NPDES). This system is administered by EPA, which has dele- 
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The following sections discuss the applicable State of South Carolina water 
classification standards, requirements, and water quality permits associated 
with the implementation of alternative cooling water systems for K- and 
C-Reactors and the D-Area coal-fired powerhouse* 

Water Classification Standards 

The State of South Carolina Class B water classifications standards (Regula- 
tion 61-68) applicable to the implementation of the cooling water alternatives 
include the following limits on the temperature of thermal effluents: 

* Section D(8)(a) - The water temperature of ail Class A and Class B free 
flowing waters shall not be increased more than 2.8°C above natural 
temperature conditions or exceed a maximum of 32.2°C as a result of 
the discharge of heated liquids unless a different temperature 
standard, as provided for in Section E, has been established, a mixing 
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zone as provided in D(5 ) has been established, or a Section 316(a) 
determination under the Federal Water Pollution Control Act » as 
amended, has been completed. 

• Section D(9) - The numeric standards of Section D and Section E of this 
regulation are applicable to any flowing waters when the flow rate is 
equal to or greater than the minimum 7-day average flow rate that 
occurs with an average frequency of once in 10 years (7Q10). Uses will 
be protected to the greatest extent possible, regardless of flow. 

* Section D(5 ) (a) - Mixing zones that are used for wastewater treatment 
effluents shall allow safe passage of aquatic organisms * and shall 
allow for the protection and propagation of a balanced indigenous 
population of aquatic organisms in and on the water body. The mixing 
zone size shall be based on critical flow conditions . The mixing zone 

XC shall not be an area of wastewater treatment nor shall it interfere 

with or impair existing recreational uses » existing drinking water 
supply uses , existing industrial or agricultural uses, or existing or 
potential shellfish harvesting uses. 

Requirements 

On January 3, 1984, DOE and SCDHEC mutually agreed on a Consent Order (84-4-W) 
that temporarily superseded the temperature requirements of the NPDES permit 
and established a process for SRP thermal discharge compliance with the State 
of South Carolina's water classification standards. This Consent Order was 
modified August 27, 1985, to include an implementation schedule for the 
selected cooling water systems . Due to extensive comments on the draft 
Environmental Impact Statement for the alternative cooling water svstem, 
TC additional time was needed by DOE to address the comments * resulting in an 

nu.gub <- i. 70 / clUltrilUllltfllL LU a-+— *+— W wiiitu JJJ.UVJ.UC& d icvxacu amcuuici n&ju*. 

requirements contained in the amended Consent Order and their status are 
summarized below. 

Comprehensive Cooling Water Study : Required by NPDES permit as Special 
Condition Part III , Number 8 - DOE began a 2-year Comprehensive Cooling 
Water Study (CCWS) with data collecti-n during Fiscal Years 1984 and 1985 
to evaluate the environmental effects of present intakes and releases of 
cooling water by SRP facilities. The CCWS has two primary objectives: 
The first objective is to qu; ntify the environmental effects associated 
with the large-volume withdrawal and discharge of cooling water on the 
Plant . The second objective is to evaluate the significance of any 
environmental impacts attributed to cooling water intake and discharge - 

E. I. du Pont de Nemours and Company and the Savannah River Ecology Labora- 
tory are conducting the CCWS for DOE. Participating in the study in a 
review and advisory capacity are the State of South Carolina, the State of 
Georgia, the U.S. Environmental Protection Agency (Region IV) , the U.S. 
Fish and Wildlife Service (Region IV), and the U.S. Army Corps of Engi- 
neers (South Atlantic Division). 

An annual SRP report (Du Pont, 1985) contains historic data pertinent to 
the study 1 s objectives and new data developed during fiscal year 1984. A 
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final report (Du Pont, 1987) documents additional data collected during 
fiscal year 1985 and conclusions. This EIS incorporates data from this TL 
study. 

Thermal Mitigation Study - In compliance with the Consent Order, a Thermal 
Mitigation Study (DOE, 1984) describing the cooling water systems that 
could be implemented for K- and C-Reactors and the D-Area coal-fired power- 
house was submitted to SCDHEC on October 3, 1984* 

Implementation Schedule - As outlined in the amended Consent Order, plans 
and specifications for the selected cooling water systems, subject to the 
appropriation of funds by Congress, are to be submitted to SCDHEC on or 
before September 30, 1988. The Consent Order further provides for the 
start of construction of the selected cooling water systems for K-Reactor 
on or before February 28, 1990, with completion of the selected system for 
K-Reactor on or before December 31, 1992. The implementation schedule for TC 
the construction of the selected D-Area cooling water system is to be 
contained in a submittal of plans and specifications on or before 
March 31, 1988, and is to become enforceable after approval by SCDHEC. 
Within 2 months after completion of the cooling water systems, plans of 
study for successful 316(a) demonstrations are to be submitted to SCDHEC 
if the alternatives selected do not comply with the AT of 2.8°C above 
ambient temperature requirement. 

Permits - Before construction of the selected cooling water systems, DOE 
will submit the required wastewater construction permit amplications to 
SCDHEC for its approval. 

Construction of the pipeline and discharge sparging system for the D-Area 
direct-discharge alternative will require Section 10 and 404 permits from 
COE. Section 401 certification from SCDHEC will be required for this 
alternative to ensure that construction and operations-related discharges 
into navigable waters will comply with applicable water classification 
standards* If this alternative is selected, DOE will submit the necessary 
permit applications to COE for its approval and the required SCDHEC 
certification before construction. 

DOE will submit plans of study for conducting Section 316(a) demonstration 
studies within 2 months after completion of the selected cooling water 
systems if the selected cooling water systems do not meet the delta- 
2.8°C ambient temperature requirement (i.e. , once- through cooling towers 
for K- and C -Reactors, and increased pumping to the raw water basin for 
the D-Area coal-fired powerhouse). The Section 316(a) demonstration stud- 
ies will assess whether the thermal discharge conditions for the implemen- 
ted flOOl in & WA t.Pr five; f^rriQ Wi 1 1 Pncnre f-ho nrnf a r* I- i nr> *m A r*+*^.n ^ ^ ^ t- A nn ^ C ~ 
- - - a — — — —j"— -U-..-W ■• -t. j. j. vnuui v, «_ i..-^ |w<i u (,v.t. lxuli anu unjyatai-HjLi uj, d 

balanced indigenous population of fish and wildlife in and on the waters 
affected by the thermal discharge. 

In addition to these permits, DOE will continue to report on a quarterly 
basis to the South Carolina Water Resources Commission surface- and 
groundwater use, including changes in surface-wafer withdrawals associated 
with the implementation of the selected cooling water systems* 
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5.7 FT OTinPLAINS/WETLANDS 
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TC floodplain/wetlands assessment appeared in the Federal Register on March 28, 
1986 (51 FR 10654), A floodplain/wetlands determination will appear in the 
Federal Register after completion of this EIS. 

5.8 AIR QUALITY 

The authority for regulation of air emissions has been delegated by EPA to the 
SCDHEC Bureau of Air Quality Control. The Bureau issues construction and oper- 
ating permits and performs Prevention of Significant Deterioration (PSD) 
reviews* Because existing facilities will supply steam and electric power for 
any needed construction activities, no new SCDHEC operating permits will be 
required for K- and C-Reactors or the D-Area powerhouse. 

The implementation of cooling towers for K- and C-Reactors will not emit any 
air contaminants that are regulated by an air emission permit, 

EPA has retained jurisdiction for the regulation of airborne radionuclides. 
The Plant operates within the limits of the EFA's final regulations v50 FR 
5190). The cooling water alternatives discussed in this EIS will be within 
these limits. 

5.9 DEPARTMENT OF ENERGY HEALTH AND SAFETY ORDERS 

DOE is responsible for ensuring the health and safety of its own facilities 
and has established comprehensive health, safety, and environmental programs* 
DOE Orders n ertainin & to the construction and operation of cooling water alter- 
natives include: 

• Order 3790*1, "Occupational Safety and Health Program for Federal 
Employees," December 11, 1980 

• Order 5440. 1C, "National Environmental Policy Act," April 9, 1985 

• Order 5480. IB, "Environmental Protection, Safety, and Health Program 
for DOE Operations," September 23, 1986 

TC • Order 5482. IB, "Environmental, Safety, and Health Appraisal Program," 

September 23, 1986 

• Order 5483. 1A, "Occupational Safety and Health Program for a Government 
Owned Contractor Operated Facility," June 22, 1983 

• Order 5484.1, "Environmental Protection, Safety, and Health Protection 
Information Reporting Requirements," February 24, 1981 

• Order 5700, 6B, "Quality Assurance," September 23, 1986 



5-12 



Order 6430,1, "Department of Energy General Design Criteria Manual ," 
December 12, 1983 

Order 5480. 6 , "Safety of Department of Energy-Owned Nuclear Reactors," 
September 23, 1986 
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GLOSSARY 

absorbed dose 

Energy transferred to matter when ionizing radiation passes through it. 
Absorbed dose is measured in rads * 

absorption 

The process by which the number and energy of particles or photons 
entering a body of matter are reduced by interaction with the matter. 

acclimation 

The acclimation or adaptation of a particular species over several 
generations to a marked change in the environment. 

activity 

A measure of the rate at which a material is emitting nuclear radiation, 
usually given as the number of nuclear disintegrations per unit of time. 
A unit of radioactivity is the curie (Ci), which equals 3.7 x 10 10 
disintegrations per second* 

adsorption 

The adhesion of a substance to the surface of a solid or solid particles. 

AEC 

Atomic Energy Commission. A five-member commission established by the 
Atomic Energy Act of 1954 to supervise the use of nuclear energy. The 
AEC was dissolved in 1975 and its functions transferred to the Nuclear 
Regulatory Commission (NRC) and the Energy Research and Development 
Administration (ERDA); ERDA became the U.S. Department of Energy (DOE) in 
1977. 

aerobic 

Processes that can occur only in the presence of oxygen. 

air quality 

A measure of the levels of pollutants in the air. 

air quality standards 

The prescribed level of pollutants in the outside air that cannot be 
exceeded legally during a specified time in specified areas* 

air sampling 

The collection and analysis of air samples for detection or measurement 
of radioactive substances. 

alluvial 

Deposited by a stream or running water. 
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ambient air 

The surrounding atmosphere, usuaLly the outside air, as it exists around 

people, plants, and structures, (It is not the air in immediate 

proximity to emission sources * ) 

anaerobic 

Processes that occur in the absence of oxygen. 



anion 



A negatively charged ion. 



aquaculture 

Culture of aquatic organisms 

aquatic biota 

The sum total of living organisms of any designated aquatic area* 

aquifer 

An underground bed or stratum of earth, gravel , or porous stone that 
contains water. The water can be pumped to the surface through a well or 
it might emerge naturally as a spring. 

archaeological sites (resources) 

Areas or objects modified or made by man and the data associated with 
these features and artifacts* 

arenaceous limestone 

Limestone with a texture or appearance of sand* 

artifact 

An object produced or shaped by human workmanship of archaeological or 

historic interest. 



ash 



Inorganic residue remaining after ignition of combustible substances. 



atmosphere 

The layer of air surrounding the earth* 

backfill 

L'lateriai used to reiiu. an excavation* 

background exposure 

See exposure to radiation. 

background radiation 

Normal radiation present in the lower atmosphere from cosmic rays and 
earth sources. Background radiation varies considerably with location* 



bedrock 

Any solid rock exposed at the earth' s surface or overlain 
unconsolidated surface material such as soil, gravel, or sand. 



by 
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benthos 

The plant and animaL life whose habitat is the bottom of a sea, lake, or 



river. 



beta particle 

An elementary particle emitted from a nucleus during radioactive decay* 
It is negatively charged, is identical to an electron, and is easily 






bioaccuinulation factor 

Concentration of a substance (e.g., chemical or radionuclide) in fish 
flesh or other body parts divided by the concentration of that substance 
in the water in which the fish is living* 

biocide 

Chemical agent used to prevent or remove fouling organisms such as 
bacteria, fungi, algae, clams, etc., from entering or fouling intake and 
heat exchangers of powerplant/reactor cooling water systems . 

biofouling 

Aquatic organisms such as bacteria, fungi, algae, clams, etc., that 
colonize water-flow structures, often causing restricted water flow 
(i.e., cooling water systems of powerplants/reactors) . 

biological dose 

The radiation dose, measured in rems, absorbed in biological material. 

biosphere 

The portion of the earth and its atmosphere capable of supporting life. 

bio stratigraphy 

The study of stratigraphy via fossilized remains. 

biota 

The plant and animal life of a region. 

blowdown 

Water discharged from a recirculating cooling system to control 
concentration of salts or other impurities. 

'BOD 

Biological oxygen demand, the oxygen required for oxidation of soluble 
organic matter by bacterial action in the presence of oxygen. 



Btu 



British Thermal Unit, a unit of heat; the quantity of heat required to 
raise the temperature of 1 pound of water by 1 degree Fahrenheit. One 
Btu equals 1055 joules (or 25Z calories) _. 
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°c 

Degree Celsius. The Celsius temperature scale is related to the 
Fahrenheit scale as follows: 

9 

°F = °C - + 32 
5 

cancer 

The name given to a group of diseases that are characterized by 

uncontrolled cellular growth. 

carbon monoxide 

A colorless, odorless gas that is toxic if breathed in high concentration 
over a certain period of time. It is a normal component of most 
automo t ive exhaus t sys terns . 

carcinogen 

An agent capable of producing or inducing cancer. 

carcinogenic 

Carolina bay 

Wetland area found on the Southeastern Atlantic coastal plain; a shallow 

depression, 

cc 

Cubic centimeters , cm or cc (1 cc = 1 milliliter), 

CCDF 

Complementary cumulative distribution function* 

Ci 

See curie. 

clastic dike 

A sedimentary dike formed by broken rocks from overlying or underlying 
material . 

cold shock 

A rapid decrease in water temperature that may result in fish mortality. 

concentration 

The amount of a substance contained in a unit quantity of a sample. 

condensate 

Water obtained by cooling the steam (overheads) produced in an evaporator 
system* Also, any liquid obtained by cooling saturated vapor. 

CO * 

Carbon dioxide, a colorless* odorless* nonpoisonous gas that is a normal 
component of the ambient air. 
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coolant 

A substance, usually water, circulated through a processing plant to 
remove heat . 

cooling tower 

A structure designed to cool water by evaporation* In this EIS , the 
water being cooled absorbs heat to condense the steam in the evaporator 
system* 

correlatable 

Abie to establish a connection between geological formations or events. 

Cretaceous 

End of Mesozoic era, between 136 and 65 million years ago. 

crystalline metamorphic rock 

Rock consisting wholly of crystals. 

cumulative effects 

Additive environmental , heal th, and socioeconomic effects that result 
from a number of similar activities in an area. 

curie (Ci) 

A unit of radioactivity equal to 3.7 x 10 (37 billion) 
disintegrations per second. A curie is also a quantity of any nuclide or 
mixture of nuclides having one curie of radioactivity* 

daughter 

A nuclide formed by the radioactive decay of another nuclide, which is 
called the parent . 

decay heat 

The heat produced by the decay of radioactive nuclides* 

decay , rad ioac t i ve 

The spontaneous transformation of one nuclide into a different nuclide or 
into a different energy state of the same nuclide. The process results 
in the emission of nuclear radiation (alpha, beta, or gamma). 

decomposition 

The breakdown of a substance into its constituent parts, 

delta T (AT) TC 

Change in temperature * 

demography 

The statistical study of human populations including size , density, 
distribution, and vital statistics such as age , sex, and ethnicity. 

depauperate 

Poor or impoverished, falling short of what occurs naturally; i*e, , 
reduced numbers and species of biological organisms* 
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depositional regimes 

A systematic laying or throwing down of material over a substantial area* 

detector 

Material or device (i.e., instrument) that is sensitive to radiation and 
can produce a response signal suitable for measurement or analysis. 

detritus 

Dead organic tissues and organisms in an ecosystem. 

distillation 

Separation process achieved by creating two or more coexisting zones that 
differ in temperature *. pressure , or composition* 

DOE 

United States Department of Energy. 

dose 

The energy imparted to matter by ionizing radiation* The unit of 
absorbed dose is the rad, equal to 0.01 joules per kilogram of irradiated 
material in any medium. 

dose commitment 

The dose that an organ or tissue receives during a specified period of 
time (e*g* * 50 or 100 years ) as a result of intake (by ingestion or 
inhalation) of one or more radionuclides from 1 year's release, 

dose equivalent 

A term used to express the amount of effective radiation when modifying 
factors have been considered . It is the product of absorbed dose (rads ) 
multiplied by a quality factor and any other modifying factors . It is 
measured in rems (Roentgen equivalent man) , 

dose rate 

The radiation dose delivered per unit time (e.g*, rems per year), 

dosimeter 

A small device (instrument) that measures radiation dose (e . g. , film 
badge or ionization chamber) and is carried by a radiation worker. 

drift 

Mist or spray carried out into the atmosphere with the effluent air from 
cooling towers, 

DWPF 

Defense Waste Processing Facility, under construction at the Savannah 
River Plant* It is designed to process defense waste into a suitable 
form for terminal storage or disposal* 

D 2 

Deuterium oxide or heavy water* , 
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eco Logy 

The science deal ing with the relationship of all living things to each 
other and to the environment. 

ecosystem 

A complex of the community of living things and the environment forming a 
functioning whole in nature. 

EDC 

See environmental dose commitment* 

effluent 

Liquid waste discharged into the environment , usually into surface 
streams- In this EIS, effluent refers to discharged wastes that are 
nonpolluting in their natural state or as a result of treatment* 

effluent standards 

Defined limits of waste discharge in terms of volume, content of 
contaminants , temperature, etc * 

EIS 

Environmental impact statement , a document prepared pursuant to Section 
102(2)(c) of the National Environmental Policy Act (NEPA) of 1969 for a 
major Federal action significantly affecting the quality of the human 
environment. 

electron 

An elementary particle with a unit negative charge and a mass 1/1837 of 
the proton. Electrons surround the positively charged nucleus and 
determine the chemical properties of the atom. 

element 

One of the 105 known chemical substances that cannot be divided into 
simpler substances by chemical means . All nuclides of an element have 
the same atomic number * 

emission standards 

Legally enforceable limits on the quantities and kinds of air 
contaminants that may be emitted into the atmosphere. 

endangered species 

Plants and animals in an area that are threatened with either extinction 
or serious depletion* 

energy 

The capacity to produce heat or do work. Electrical energy is measured 
in units of kilowatt-hours. 

entrainment 

The capture and inclusion of organisms in the cooling water systems of 
powerplants/ reactors . The organisms involved are generally 9 to 13 
millimeters long* depending on the intake screen mesh size, and include 
phyto- and zoop lank ton, fish eggs and larvae (ichthyoplankton) , shellfish 
larvae , and other forms of aquatic lif e . 
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environment 

The sum of all external conditions and influences affecting the life, 
development, and ultimately, survival of an organism. 

environmental dose commitment (EDC) 

A dose representing exposure to, and ingestion of, environmentally 
available radionuclides for 100 years following 1 year r s release of 
radioactivity. 

environmental fate 

The result of the physical , biological , and chemical interactions of a 
substance released to the environment, 

environmental transport 

The movement through the environment of a substance; it includes the 
physical , chemical , and biological interactions undergone by the 
substance. 

Eocene 

Lower Tertiary Period, after Paleocene but before Oligocene, 

epoch 

Length of time (geology). 

erosion 

action of wind or water. 

estuarine 

Pertaining to an area where salt and fresh water come together and are 
affected by tides* 

exposure to radiation 

The incidence of radiation on living or inanimate material by accident or 
intent. Background exposure is the exposure to natural background 
ionizing radiation. Occupational exposure is the exposure to ionizing 
radiation that takes place during a person's working hours. Population 
exposure is the exposure to a number of persons who inhabit an area. 



°F 



degree Fahrenheit, The Fahrenheit temperature scale is related to the 
Celsius scale as follows: 



°c = 

1.8 



fall line 

Imaginary line marking the point that most rivers drop steeply from the 
uplands to the lowlands. 
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f al lout 

The descent to earth and deposition on the ground of particulate matter 
(which might be radioactive ) from the atmosphere ■ 

fault 

A fracture or a zone of fractures within a rock formation along which 
vertical, horizontal, or transverse slippage has occurred. 

faunal 

Animal and plant fossils of a certain rock unit, 

feldspar 

Most common group of aluminum silicate minerals (containing other metals, 
such as potassium, sodium, and iron) that form rock. 

ferruginous 

Containing iron oxide * 

fission 

The splitting of a heavy atomic nucleus into two approximately equal 
parts , which are nuclei of lighter elements , accompanied by the release 
of energy and generally one or more neutrons. Fission can occur 
spontaneously or can be induced by neutron bombardment, 

fission products 

Nuclei formed by the fission of heavy elements (primary fission 
products ) . Also , the nuclei formed by the decay of the primary fission 
products, many of which are radioactive. 

fluvial 

Relating to, or living in or near, a river. 

flux 

Rate of flow through a unit area. 

food chain 

The pathways by which any material entering the environment passes from 
the first absorbing organism through plants and animals to humans . 

fuel 

A substance used to produce heat (e.g., f rom chemical energy by 
combustion, or from nuclear energy by nuclear fission). 

gal 

Gallon. 

gamma rays 

High-energy, short-wave length electromagnetic radiation accompanying 
fission and emitted from the nucleus of an atom. Gamma rays are very 
penetrating and require dense (e.g. , lead ) or a thick layer of materials 
for shielding. 
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gamma spectrometry 

Identification and quantification of radioisotopes by measurement ot the 
characteristic gamma rays emitted by elements undergoing radioactive 



decay 



g/cm 2 



Grams per square centimeter, a measure of pressure- Atmospheric pressure 
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genetic effects 

Radiation effects that can be transferred from parent to offspring; 

radiation-induced changes in the genetic material of sex cells. 

geology , 

The science that deals with the earth: the materials, processes, 

environments, and history of the planet, especially the lithosphere, 

including the rocks and their formation and structure* 

g/L 

Grams per liter, 

glauconitic 

Mineral aggregate containing glauconite, giving it a green color. 

gneiss 

Rock formed from bands of granular minerals alternating with bands of 
minerals that are flaky, or have elongate prismatic habits, 

gradient 

Slope, particularly of a stream or land surface. 

groundwater 

The supply of water under the earth's surface in an aquifer* 



gypsum 



Min or "al ^^nt 01 ' Ti '' f i cr h -17 ^ rous calc iurn sulfate 



half -life (effective) 

The time required for a radionuclide contained in an organism to reduce 
its activity by one half as a combined result of radioactive decay and 
biological elimination, 

halogens 

The group of five chemically related nonmetallic elements that include 
fluorine, chlorine, bromine, iodine, and astatine* 

hardwoods 

Trees that are angiosperms and yield wood that has a hard consistency* 

health physics 

The science concerned with recognition, evaluation, and control of health 
hazards from ionizing radiation. 
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heat exchanger 

A device that transfers heat from one fluid (liquid or gas) to another or 
to the environment. 

heavy metals 

Metallic elements of high molecular weight, such as mercury, chromium, 
cadmium, lead, and arsenic, that are toxic to plants and animals at known 
concentrations. 

heavy water 

Water in which the molecules contain oxygen and deuterium, an isotopic 
form of hydrogen that is heavier than ordinary hydrogen* 

high-level waste 

High-level liquid waste or the products from the solidification of 
high-level liquid waste or irradiated fuel elements if discarded without 
reprocessing, 

historic resources 

The sites, districts, structures, and objects considered limited and 
nonrenewable because of their association with historic events or 
persons, or social or historic movements* 

holding pond 

A pond constructed to retain water from a cooling water system before 
release to a water body* 

Holocene 

Epoch of Quaternary Period from end of Pleistocene to present time* 

hydraulic conductivity 

Water flow rate in liters per day through a 1-square-foot cross-section 
under a unit hydraulic gradient* 

hydraulic (water) head 

Height of water with a free surface above a subsurface point. 

hydrocarbons (HC ) 

Organic compounds consisting primarily of hydrogen and carbon. 
Hydrocarbons are emitted in automotive exhaust and from the incomplete 






hydrograph 

Graph showing water characteristics such as velocity, or flow, in 
relation to time . 

hydrology 

The science dealing with the properties, distribution, and circulation of 
natural water systems . 
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hydrosphere 

The water portion of the surface of the earth as distinguished from the 

solid portion, the lithosphere. 

hydros t rat igraphic unit 

Rock or soil body extending iateraily for a considerable distance; 

sometimes abbreviated HSU. 

ichthyoplankton 

The early life stages of fish (eggs and larvae) that spend part of their 
life cycle as free-floating plankton. 

impingement 

The process by which aquatic organisms too large to pass through the 
intake screens of a powerplant/reactor become caught on the screens and 
unable to escape. 

incorporated places 

Political units incorporated or combined as cities, boroughs, towns, and 

villages ♦ 

n nHi fypnnus labor oool 

An area's native labor pool composed of workers normally residing in the 
area who do not leave the area after termination of a construction 
project. 

induced radioactivity 

Radioactivity that is created when substances are bombarded with 
neutrons, as in a reactor. 

inert gas 

A gas that is totally unreactive* 

in-movers 

Workers who move into an area during construction and leave when the 
project is finished. As referred to in this document, in-movers also 
include some weekly travelers, 

insolation 

Solar radiation incident on the water surface. 

intensity 

The energy or the number of photons or particles of radiation incident on 
a unit of time* Intensity of radioactivity is the number of atoms 
disintegrating per unit of time . 

interf luvial 

Falling in the area between two streams. 

ion 

An atom or molecule that has gained or lost one or more electrons and 
thus has become electrically charged. 
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ion exchange 

Process in which a solution containing soluble ions to be removed is 
passed over a solid ion exchange column, which removes the soluble ions 
by exchanging them with labile ions from the surface of the column. This 
process is reversible; the trapped ions can be eluted from the column and 
the column regenerated. 

ionization 

The process whereby ions are created. Nuclear radiation can cause 
ionization, as can high temperatures and electric discharges. 

ionizing radiation 

Radiation capable of displacing electrons from atoms or molecules, 
thereby producing ions. 

irradiation 

Exposure to radiation, 

isotope 

An atom of a chemical element with a specific atomic number and atomic 
weight. Isotopes of the same element have the same number of protons but 
different numbers of neutrons. 

kaolin 

Clay mineral group characterized by a silicon oxygen sheet and an 
aluminum-hydroxyl sheet alternately linked to form a two-layer crystal 
lattice. 

kilometer 

A metric unit of length equal to 0.62137 mile. 

leachate 

Liquid that has percolated through solid waste or other media, and has 
extracted from the solids dissolved or suspended materials into the 
liquids. 

leaching 

The process whereby a soluble component of a solid or mixture of solids 
is extracted, as a result of percolation of water around and through the 
solid. 

leukemia 

A form of cancer characterized by extensive proliferation of 
nonfunctional, immature white blood cells (leukocytes)* 

lignite 

A brownish-black coal between stages of peat and sub-bituminous coal. 

limonite 

Hydrous ferric oxides occurring naturally but having unknown origins. 
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liters per second 

A metric unit of flow rate equal to 15-85 gallons per minute 

lithology 

Rock descriptions by color, structure, grain size, etc. 

lithosphere 

The solid part of the earth composed predominantly of rock. 

long-lived nuclides 

Radioactive isotopes with half-lives greater than 30 years. 



Ips 



Liters per second. 



m Vm 



Cubic meters per minute 



m J /s 



Cubic meters per second 



mac ro invert e orates 

Those invertebrates that can be seen by the unaided eye that are retained 
in a U.S. Standard sieve (0.595 millimeters). 



BB-4 



macrophytes 

Aquatic plants that can be either submerged or emergent 



marine terrace 

Narrow coastal strip altered by marine deposit and erosion. 

maximum permissible dose 

That dose of ionizing radiation established by competent authorities as 
an amount below which there is no appreciable risk to human health; at 
the same time, it is below the lowest level at which a definite hazard 
exists * 

mechanical draft (cooling tower) 

A type of cooling tower that uses fans to provide air flow for promoting 
evaporative cooling (see natural draft). 

megawatt (MW) 

A unit of power equal to 1000 kilowatts (kW) or 1 million (10 f> ) watts. 



mg 



Milligram (one-thousandth of a gram). 



mica 



Variously colored, or colorless mineral silicates, crystallizing in 
monoCiinxc -torrijs uLiai- separate iritO ^nin j_eav^.s . 
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micro (p.) 

Prefix indicating one millionth. One microgram equals one-millionth of a 
gram or 10 gram* 

micrometer (]jm) 

A unit of length equal to one one-millionth (10 _f> ) of a meter. 






- h 



A micrometer (10 meter). 

migration 

The natural travel of a material through the air, soil, or groundwater. 

ml 

Milliliter (one-thousandth of a liter). 

mm 

Millimeter (one-thousandth of a meter). 

mobility 

The ability of a chemical element or a pollutant to move into and through 
t he envi ronmen t . 

moderator 

A material used to slow neutrons from fission to thermal energies. 



molecule 



A group of atoms held together by chemical forces. A molecule is the 
smallest unit of a compound that can exist by itself and retain all its 
chemical properties . 

monitoring 

Process whereby the level and quality of factors that can affect the 
environment and human health are measured periodically to regulate and 
control potential impacts. 

mrem 

Millirem (one-thousandth of a rem). 

mutagen 

Physical, chemical, or radiative agent capable of inducing mutation 
(above the spontaneous background level ) . 

mutagenesis 

The occurrence or induction of mutation, a genetic change that is passed 
on from parent to offspring. 

mutation 

An inheritable change in the genetic material (in a chromosome). 
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nano 

Prefix indicating one thousandth of a micro unit; one triilionth; 
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National Register of Historic Places 

A list maintained by the National Park Service of architectural, 
historic, archaeological, and cultural sites of local, state, or national 
significance* 

natural draft (cooling tower) 

A type of cooling tower that relies on the difference in density between 
the entering air and internal heated air to provide air flow for 
promoting evaporative cooling (see mechanical draft). 

natural radiation or natural radioactivity 
Background radiation* 

nCi 

Nanocuries * 10 " 9 curies . 



NEPA 
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neutron 

An uncharged elementary particle with a mass slightly greater than that 
of the proton and found in the nucleus of every atom heavier than 
hydrogen* A free neutron is unstable and decays with a half -life of 
about 13 minutes into an electron and a proton. 

neutron flux 

Number of neutrons flowing through a specified area per unit of time* 

NHj 

Ammonia* a pungent, reactive colorless gas , which is irritating to the 
eyes and moist skin in high concentrations* 

The oxides of nitrogen, primarily NO and N0 2 . These are often produced 
in the combustion of fossil fuels. In high concentration they constitute 
an air pollution problem. 

nodes 

The intersection of horizontal and vertical grids* 

NRC 

U.S. Nuclear Regulatory Commission* 

nuclear energy 

The energy liberated by a nuclear reactor (through fission or fusion) or 



NO 
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nuclear powerplant 

A facility that converts nuclear energy into electrical power. Heat 
produced by a reactor is used to make steam to drive a turbine that 
drives an electric generator. 

nuclear reaction 

A reaction in which an atomic nucleus is transformed into another 
element* usually with the liberation of energy as radiation. 

auclear reactor 

A device in which a fission chain reaction is maintained and which is 
used for irradiation of materials or the generation of electricity. 

nucleus 

The small, positively charged core of an atom that contains nearly all of 
the atom's mass. 

nuclide 

An atomic nucleus specified by its atomic weight, atomic number, and 
energy state. A radionuclide is a radioactive nuclide, 

once- through (cooling system) 

A cooli i.g system that utilizes water from a river one time for cooling 
and then returns it to the river. 

organic degreasers 

Cleaning agents having organic chemical structures. 

outcrop 

Part of a geologic formation above the surface of the earth. 



Paleocene 



Epoch of Tertiary Period between the Gulfian of the Cretaceous Period and 
before the Eocene. 

particulates 

Solid particles small enough to become airborne. 

pD 

The negative log of the deuterium (heavy hydrogen) ion concentration in 
solution; analogous to the term pH 5 which refers to the normal hvdroeen 
ion concentration. 
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peneplain 

Almost featureless , plain land surface . 

perched 

A water-bearing area of small lateral dimensions lying above a more 
extensive aquifer . 

periphyton 

Plankton (attached) plants that occur in water. BB-4 
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permeability 

Ability of water to flow through porous rock or soil. 

person-rem 

The radiation dose commitment to a given population; the sum of the 

individual doses received by a population segment. 

pH 

A measure of the hydrogen ion concentration in aqueous solution; 

specifically* the negative logarithm of the hydrogen ion concentration. 
Acidic solutions have a pH from to 7; basic solutions have a pH greater 
than 7 . 

photon 

Electromagnetic radiation; a quantum of electromagnetic energy having 
properties of both a wave and a particle but without mass or electric 
charge. 

physiography 

Description of earth surface features, including .air and water as well as 

land. 

BB_4 phytoplankton 

Planktonic (floating) plants that occur in water. 

Piedmont province 

Large area forming a plateau at the base of the Appalachian mountains , 
extending from New Jersey to Alabama. 

piezometric maps 

Lines of equal groundwater pressure drawn on a map* 

piezometric surface 

The surface to which water in an aquifer would rise by hydrostatic head. 

Plant stream 

Any natural stream on the Savannah River Plant, Surface drainage of the 
Plant is via these streams to the Savannah River, 

Pleistocene 

An enoch of the Ouaternarv Feriod between Pliocene and Holocene. 

j. > - ■- j 

Pliocene 

An epoch of the Tertiary Period between Miocene and Pleistocene. 

plume 

The visible emission into the air from a flue* chimney, or cooling 
tower. Also* a segment or area within a body of water that has 
measurably distinct characteristics (e.g. , higher temperatures as from 
heated effluent)* 
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ppb 



ppm 



pollution 

The addition of any undesirable agent to an ecosystem in excess of the 

processes . 

Parts per billion (10"''); one thousandth of a part per million. 

Parts per million* This unit is commonly used to represent the degree of 
pollutant concentration when the concentration is small- in air, ppm is 
usually volume pollutant per one million volumes of air; in water, a 
weight per one million weight units. 

primary road 

Interstate, state, and regional routes including rural arterial routes 
and their extensions into or through urban areas . 

pyrite 

Isometric mineral: FeS 2 (iron sulfide). 

^-i *-*■" ■*- -*- ^ jr J.QLtUL 

The factor by which absorbed dose, in rads, is multiplied to obtain a 
quantity expressing the irradiation incurred by various biological 
tissues taking into account the biological effectiveness of the various 
types of radiation. 

quartz 

Crystalline silica: Si0 2 . 

quartzite 

Very hard, metamorphosed sandstone. 

Quaternary age 

The period from the end of the Tertiary age to the present. 

rad 

Acronym for radiation absorbed dose, the basic unit of absorbed dose 
equal to the absorption of 0,01 joule per kilogram of absorbing material. 



radiation 



The emitted particles and photons from the nuclei of radioactive atoms . 
Some elements are naturally radioactive whereas others are induced to 
become radioactive by bombardment in a reactor* Naturally occurring 
radiation is indistinguishable from induced radiation, 

radiation detection instrument 

Devices that detect and record the characteristics of ionizing radiation* 

radiation monitoring 

Continuous or periodic determination of the amount of radiation present 
in a given area. 
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radiation protection 

Legislation, regulations, and measures to protect the public and 
industrial laboratory workers from harmful exposure to radiation. 

radiation shielding 

Reduction of radiation by interposing a shield of absorbing material 
between a radioactive source and a person, laboratory area* or 
radiation-sensitive device. 

radiation standards 

Permissible exposure levels of radiation and regulations governing same. 

radioactivity 

The spontaneous decay or disintegration of unstable atomic nuclei, 
accompanied by the emission of radiation. 

Nuclides of the same element (same number of protons in their nuclei) 
that differ in the number of neutrons and that spontaneously emit 
particles or electromagnetic radiation* 

receiving waters 

Rivers, lakes, oceans, or other bodies of water into which treated or 
untreated wastewaters are discharged* 

recirculating (cooling system) 

A cooling system that uses the same water cyclically to absorb heat and 
be cooled again. A percentage of new water must be added continuously to 
make up for evaporative and blowdown losses. 

rem 

Acronym for roentgen equivalent man, the unit of dose for biological 
absorption* It is equal to the product of the absorbed dose in rads » a 
quality factor, and a distribution factor- 
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The period of time during which a substance resides in a designated area* 

roentgen (R) 

A unit of exposure to ionizing radiation equal to or producing one 
coulomb of charge per cubic meter of air. 

runoff 

The portion of rainfall , melted snow, or irrigation water that flows 
across ground surface and eventually is returned to streams . Runoff can 
carry pollutants into receiving waters. 

sandstone 

Clastic rock containing large, individual particles visible to the 
unaided eye* 
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sanitary landfilling 

An engineered method of solid waste disposal on land in a manner that 
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the smallest practical volume, and covered with soil at the end of each 
working day. 

SCDHEC 

South Carolina Department of Health and Environmental Control 

screen 

Tool used to allow particles of a certain size through while retaining 
larger particles. 

secondary road 

A rural, major collector route* 

sedimentation 

The settling of excess soil and mineral solids of small particle size 
contained in water. 

seep lines 
Small 
series of groundwater or leachate springs. 
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seismic 

Pertaining to any earth vibration, especially an earthquake. 

seismicity 

The tendency toward the occurrence of earthquakes. 

settling tank 

A tank in which settlable solids are removed by gravity. 

sewage 

The total of organic waste and wastewater generated by an industrial 
establishment or a community, 

sewer 

Any pipe or conduit used to collect and carry away sewage or stormwater 
runoff . 

sewerage 

The entire system of sewage collection, treatment, and disposal* 

shield 

An engineered body of absorbing material used to protect personnel from 
radiation, 

short— lived nuclides 

Radioactive isotopes with half-lives no greater than about 30 years 
(e.g., cesium-137 and strontium-90) . 
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siliceous cement 

Cement with an abundance of silica* 

siltstone 

Silt having the texture and composition of shale, but lacking its tine 

lamination. 

sink 

An area from which water drains or is removed. 

sludge 

The precipitated solids (primarily oxides and hydroxides) that settle to 
the bottom of the storage tanks containing liquid high-level waste* 

slug 

Small, isolated body of water. 

slurry 

A suspension of solid particles (sludge) in water. 

softwoods 

Trees, particularly evergreens and shrubs, that produce seeds in a cone, 

SO* 

Sulfur dioxide, a heavy pungent colorless gas (formed in the combustion 
of coal). S0 Z in high concentration is considered a major air 
pollutant • 

S0 X 

The oxides of sulfur, primarily S0 2 and SOj. S0 K is a common air 
pollutant. 

sparger 

A discharge nozzle that provides quick dispersion of one fluid (liquid or 
gas) into another* 

spill 

The accidental release of radioactive material, 

spray irrigation 

The practice of dispersing treated aqueous effluents by spraying land in 
controlled amounts. Treated effluent is rich in nutrients that can be 
utilized by plants, 

SREL 

Savannah River Ecological Laboratory » an ecology research institution 
operated by the University of Georgia under contract from DOE* 

SRL 

Savannah River Laboratory. 
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SRP 

Savannah River Plant. 

stable 

No t rad ioac t i ve . 

stack 

A vertical pipe or flue designed to exhaust gases and suspended 
particulates . 

stack gases 

Gases emitted from a stack, 

stationary source 

A source of emissions into the environment that is fixed rather than 
moving, as an automobile, 

storage 

Retention of radioactive waste in manmade containment, such as a tank or 
vault, in a manner permitting retrieval; distinguished from disposal, 
which implies no retrieval. 

storage coefficient 

Volume of water released from storage in a vertical column of 0.93 square 
meter when the water table declines 0.93 meter* 

stratified 

Formed or arranged in layers. 

stratigraphy 

Division of geology dealing with the definition and description of rocks 
and soil of both major and minor natural divisions, 

study area 

A specific geographic area isolated from surrounding areas for the 
purpose of examining and analyzing specific phenomena and activities. 

surface water 

All water on the surface, as distinguished from groundwater . 

surf icial deposit 

Most recent geological deposit lying on bedrock or on or near the earth's 
surface* 

Tertiary age 

First period of Cenozoic era, thought to be between 65 and 2 million 
years ago* 

thermal pollution 

Degradation of water aualitv bv introduction of a hp^tpd ^ffln^nr. 
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threshold dose 

The minimum dose of a given substance that produces a measurable 

environmental factor. 

tolerance 

The relative capability of an organism to endure an unfavorable 

environmental factor, 

topography 

The configuration of a surface area, including its relief or relative 

elevations and the position of its natural and manmade features. 

toxicity 

The quality or degree of being poisonous or harmful to plant or animal 

life. 

transmissivity 

The rate at which water of prevailing kinematic viscosity is transmitted 
through a unit width under a unit hydraulic gradient. 

Triassic Period 

First period of the Mesozoic era, thought to be between 225 and 190 

million years ago. 

tritium (H-3) 

A radioactive isotope of hydrogen, a weak beta emitter with a half-life 

of 12.5 years, 

TSP 

Total suspended particulates , the concentration of particulates in 
suspension in the air irrespective of the nature, source, or size of the 
particulates * 

turbidity 

Measure of sediment or suspended foreign particle concentration in 
solution, 

unconsolidated 

Loosely arranged or unstratified sediment. 

USGS 

United States Geological Survey. 

venting 

waste heat 

Heat in materials at temperatures that are close to ambient and hence not 
valuable for production of power. Waste heat must be discharged to the 
environment. 
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water pollution 

Presence of one or more contaminants in such degree as to be detrimental 
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watershed 

The area drained by a stream. 

water table 

The upper surface of groundwater. 

wetland 

Land or areas containing much soil moisture. 

zooplankton 

Planktonic (floating) animals that supply food for fish. 
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4-21 through 4-24 , 4-27 through 
4-29, 4-31 through 4-32, 4-35 
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Intake canals, S-4, 3-30 

3-32, 4-14 through 4-15 
Irrigation, 3-23, 4-103 



K 



through 



K-Reactor , S-3 , S-7 through S-8 , 
S-ll, S-17 through S-22, S-30, 
1-2 through 1-5 , 2-3 through 
2-18 , 2-25 , 2-31 , 2-43 , 2-45 , 
3-1 , 3-19 , 3-48 through 3-52, 
4-1 through 4-10, 4-12 through 
4-19, 4-21 through 4-44, 4-46 
through 4*50, 4-52 through 4-53, 
4-56 , 4-72 , 4-78 , 4-80 , 4-85 
through 4-86, 4-95 through 4-96, 
4-99 through 4-101, 5-8, 5-11, 
5-13 



Land use, 3-7 



M 



Macroinvertebrates, S-6 , S-8 through 

S-10, S-12 through S-13, S-17, 

S-29 through S-30, 3-51, 3-56, 

4-3, 4-11 through 4-12, 4-26, 

4-28 through 4-29 , 4-56 , 4-60 

through 4-61, 4-68, 4-70, 4-72, 
4-93 through 4-94, 4-103 



Mechanical-draft cooling tower, 2-11 , 
2-14, 2-28 
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Monitoring, 1-4, 2-8, 2-22 through 
2-23, 2-35, 3-46, 3-48, 3-62, 
3-64, 4-6, 4-57 through 4-58, 
4-105, 5-8 



N 



National Register of Historic Places, 
3-9, 3-57, 5-4, 5-8 

Natural-draft cooling tower, S-7 , 
2-5 , 2-8 through 2-9 , 2-11 , 
2-19, 2-22, 2-25, 4-1, 4-6, 
4-8, 4-42, 4-96 

No action, S-3 through S-4, S-29, 
1-3 , 2-3 through 2-4 , 2-15 , 
2-L8 through 2-19, 2-31 through 
2-33 , 2-41 through 2-42 , 4-1 , 
4-36, 4-38 through 4-39, 4-54, 
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4-100 


through 4-102 


















Once-through cooling tower, S-16 
through S-17 , 2-3 through 2-4 , 
2-7 through 2-10 , 2-19 , 2-21 , 
2-23 through 2-25, 2-44, 4-1 
through 4-5, 4-8, 4-10 through 
4-19, 4-22, 4-24, 4-39 through 
4-46, 4-48, 4-78 through 4-79, 
4-85 through 4-86, 4-96, 4-99 



Par Pond, 1-1, 3-14, 3-19, 3-26, 
3-28, 4-15, 4-43, 4-63, 4-72 

Pen Branch, S-l, S-3 through S-10, 
S-14 through S-I5, S-17, S-29 
through S-30, 1-1, 2-3 through 
2-4, 2-9, 2-15, 
through 2-44, 3-9, 
3-17, 3-19, 3-23, 
3-53, 3-61, 3-66, 
4-6, 4-9 through 
4-21 through 4-24, 4-26 through 
4-32, 4-35 through 4-39, 4-44, 
4-49 through 4-50, 4-56, 4-63 5 
4-70, 4-72, 4-74 through 4-76* 
4-85 through 4-86, 4-93, 4-95, 
4-97 through 4-98, 4-100, 
4-105, 5-7 through 5-8 



2-17, 2-43 
3-14 through 
3-48 through 

4-2 through 
4-16, 4-19, 
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Port Wentworth, 3-20, 3-45, 3-47, 
4-17 through 4-19 , 4-21 , 4-33 
through 4-37, 4-46 through 4-47, 
4-51 through 4-55, 4-79 

Public services, 3-8 



R 



Radiation, S-7, S-U, 2-8, 2-23, 3-42 
through 3-48 , 3-62, 3-6 5 , 3-69, 
4-3* 4-19, 4-22, 4-35, 4-40, 
4-47 through 4-48 , 4-54 , 4-77 
through 4-79 , 4-97 through 
4-100, 5-1, 5-5 

_^_„ 4..- 11 1 _A 9_ft 
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2-22, 2-32, 2-60, 3-53, 3-56, 

3-63 , 4-3 , 4-9 through 4-10 , 

4-13 through 4-14, 4-22, 4-27, 

4-30 through 4-31 , 4-38 , 4-40 , 
4-43, 4-48 

Recirculating cooling tower, 2-3, 

2-11 through 2-14, 2-25 through 

2-27 , 2-44 , 4-23 , 4-47 , 4-49 , 
4-85, 4-97 

Recreation, 3-23 

Red-cockaded woodpecker, 3-28 through 

3-29 , 4-14 through 4-15 , 4-43 , 
4-64, 4-76, 5-9 



Savannah River Plant (SRP), S-l, 1-1, 
3-1, 4-1, 4-106 

Savannah River swamp , S-3 through 
S-4, S-30, 2-32, 2-43 through 
2-44 , 3-1 , 3-17, 3-25 through 
3-28, 3-48 through 3-49, 3-53 
through 3-55 , 3-57 , 3-59 , 3-66 , 
4-4, 4-24, 4-27 through 4-28, 
4-38, 4-41, 4-67 through 4-68, 
4-70, 4-72, 4-74, 4-85, 4-95 

Savannah River, S-l, S-3 through S-4, 
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S-ll, S-13 through S-15, S-17, 
S-30 through S-32, 1-1 through 
1-5, 2-2 through 2-4, 2-9, 2-14 
through 2-15, 2-17, 2-25, 2-28 
through 2-29, 2-31 through 2-32, 
2-35, 2-37 through 2-41, 



2-43 through 2-45, 2-56, 2-60, 
3-1, 3-3 through 3-5, 3-8 
through 3-9, 3-12, 3-14, 3-17 
through 3-23, 3-25 through 
3-35, 3-39, 3-42 through 3-43, 
3-45 through 3-49, 3-5 3 through 
3-57, 3-59, 3-62 through 3-69, 
4-1 through 4-2, 4-4 through 
4_6, 4-9, 4-12 through 4-17, 
4-19, 4-23 through 4-24, 4-27 
through 4-30, 4-32, 4-34 
through 4-36, 4-38, 4-41, 4-47, 
4-50, 4-54 through 4-5 7, 4-59, 
4-61 through 4-75, 4-77 through 
4-79, 4-84 through 4-86, 4-93, 
4-95 through 4-96, 4-98, 4-100 
through 4-101, 4-103 through 
4-107, 5-7, 5-9 through 5-10, 
5-13 
Shortnose 'sturgeon, 3-31 through 
3-32, 4-15, 4-44, 4-57, 4-64, 
4-69, 4-76, 5-9 
Six-county area, 3-4, 3-8 through 3-9 
Socioeconomics, 4-1, 4-4, 4-21, 4-23, 
4_39, 4-41, 4-47 through 4-48, 
4-57, 4-65 through 4-66 
Soils, 3-12, 3-17, 3-25, 3-27, 3-62 
Spawning, S-4, S-10, S-13, S-16 
through S-17, S-29 through 
S-32, 2-43 through 2-44, 3-30 
through 3-31, 3-56, 4-13 
through 4-15, 4-29 through 
4-30, 4-38, 4-56, 4-59, 4-62, 
4-64, 4-66, 4-68, 4-72, 4-74, 
4-83, 4-85 through 4-86, 4-93 
tnrougn 4-yo, 4-iui 
Steel Creek, S-3, 3-1, 3-4, 3-19 
through 3-20, 3-27 through 
3-28 , 3-31 , 3-47 through 3-49 , 
3-51, 3-53, 3-59 through 3-60, 
3_69 1 4_9 through 4-10 , 4-27 , 
4-29, 4-63 through 4-64, 4-72, 
4-75 
Surface water, 3-66 



Thermal performance, S^l through S-2, 
2-4, 2-8, 2-14, 2-17, 2-19, 
2-23, 2-29, 2-32, 2-35, 2-40 
through 2-41, 4-72 

Thermal plume, S-12 through S-13, 
4-60 through 4-61, 4-69, 4-73 
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Tornado. 3-40, 3-68 

Tritium, S-7, S-ll, 3-47 through 
3-48, 3-51, 3-53, 3-57, 3-61, 
4-16 through 4-19, 4-32 through 
4-3 7 , 4-44 through 4-47 , 4-5 1 
through 4-54, 4-65, 4-69, 4-97 
through 4-100 

JJ 



Wood stork, S-4, S-7, S-ll, S-13 
through S-16 , S-29 through 
S-32, 2-44 through 2-45 , 2-56, 
3-28 ] 4-15 , 4-31°, 4-39 , 4-44 , 
4-57, 4-63 through 4-64, 4-69, 
4-74 through 4-75, 4-77, 4-83, 
4-85 through 4-86, 4-93 through 
4-102, 4-104 through 4-105, 5-9 



Urquhart Steam Station, 4-72 through 

4-73 



SL 



Vogtle Nuclear Power Plant, 4-2, 
4-73, 4-77 through 4-78 
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Water quality, 1-4 through 1-5, 2-60, 
3-20 through 3-21 , 3-48 through 
3-50 , 3-59 through 3-60, 3-66 , 
4-2, 4-4, 4-22 through 4-23, 
4-37 , 4-40 through 4-41 , 4-47 , 
4-49, 4-55, 4-57, 4-65 through 
4-67, 4-70, 4-98, 4-103 through 
4-104, 5-9, 5-13 

Water use, 3-21 

Wetlands, S-3 through S-4, S-8, S-12 
through S-13, S-15 through S-16, 
1-4 , 2-37, 2-40 , 2-44 through 
2-45, 2-56, 3-7, 3-23, 3-25 
through 3-26, 3-49, 3-54, 4-8 
through 4-9, 4-26 through 4-27, 
4-38, 4-42 through 4-43, 4-49, 
4-56 , 4-59 , 4-66 , 4-68 , 4-70 , 
4-74, 4-83 through 4-85, 4-97 
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4-70 , 
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4-102, 5-1, 5-4, 5-12 
Wildlife, S-12, S-14, S-16, 1-1, 
2-44 , 3-27 through 3-28 , 3-63 , 
3-69, 4-3, 4-5, 4-9, 4-15, 4-22, 
4-40 through 4-41 , 4-48 , 4-56 , 
4-59 , 4-64, 4-66 , 4-83 through 
4-84, 4-86, 4-104 through 4-106, 
5-5 through 5-7 , 5-9 through 
5-11, 5-13 
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APPENDIX A 
IDENTIFICATION OF COOLING WATER ALTERNATIVES FOR EVALUATION IN THE EIS 

A.I INTRODUCTION 

This appendix describes the cooling water alternatives considered for K- and 
C-Reactors and the D-Area coal-f ired powerhouse . It also discusses the pro- 
cess used to identify the cooling water alternatives that are evaluated in 
this environmental impact statement (EIS)* 

A. 2 INITIAL ALTERNATIVES 

As documented in the Thermal Mitigation Study (DOE 4 1984)* DOE initially con- 
sidered two categories of cooling water alternatives : (I) those that would 
provide some reduction in the temperature of thermal discharges but that would 
not meet the 32. 2°C Class B water classification standard of the State of 
South Carolina; and (2) those that could meet the 32.2°C water classifica- 
tion standard. 

A. 2.1 ALTERNATIVES NOT MEETING THE 32.2°C STANDARD 

For alternatives that would not meet Class B water classification standards 
(such as rubble dams* small cooling lakes , and the current once-through cool- 
ing water systems ) , the South Carolina legislature and the U.S. Environmental 
Protection Agency (EPA) would have to approve a new stream classification 
(i.e. , a change in the designation of several onsite streams from Class B to 
some other classification) after DOE had submitted a use attainability analy- 
sis in accordance with EPA regulations (40 CFR 131). 

Because of the concern over both the applicability of EPA and State regula- 
tions that prohibit designating the use of a stream for waste transport or 
waste assimilation and the inapplicability of criteria contained in EPA's reg- 
ulations [40 CFR 131.10(g)] by which a change in designated uses could be jus- 
tified, DOE eliminated from further consideration those alternatives that 
would not meet Class B water classification standards. 

The following items describe the initial cooling water alternatives for K- and 
C-Reactors that were eliminated: 

• Spray canals * This alternative would add a gravity-powered spray 
cooling system to the cooling water outlets of K- and C-Reactors to 
cool the discharged water by spraying it into the air before it enters 
the receiving water body. Both the 68 °C maximum discharge tempera- 
ture and the 66 <J C average summer temperature would be only slightly 
below the water temperatures that result from direct discharge (i.e . , 
73°C and 71 °C* respectively). 

• Small lakes . This system would use five to ten small rubble dams each 
on Four Mile Creek and Pen Branch to create small lakes; it would 
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provide some thermal mitigation, compared to direct discharge, to the 
lower portions of these waterways and to the Savannah River swamp. 
Under extreme summer conditions, the 45 °C discharge temperatures 
would represent a 28°C reduction below direct discharge (73"C), 
but they would not meet the 32.2°C temperature standard at any time 
during the year. 

• Sma ll lakes with upstream spray cooling (one set) . This alternative 
is very similar to the small lakes alternative (above ) , but would in- 
clude a gravity spray module in the outfall canal. It would result in 
some limited thermal mitigation in comparison to direct discharge, but 
would not provide much more cooling than the small lakes alternative 
alone. The 32.2°C water classification standard wouid not be met at 
any time during the year. 

• Small lakes with upstream and downstream spray cooling (two sets) . 
This alternative would add two gravity spray cooling modules to the 
basic small lakes alternative described above. The first spray system 
would obtain some cooling before the discharge water enters the 
receiving water body. The second spray module would be in the last 
shallow lake formed in either stream. The cooling from this system 
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with upstream spray cooling (one set) described above. In comparison 
to direct discharge, this alternative would reduce water temperatures 
from 73°C to 39°C under extreme summer conditions and from 69°C 
to 34°C during the spring. It would be in compliance with the 
32.2°C temperature limit only during the winter (29°C). 

• Energy recovery gys terns . The systems that were considered included 
both onsite steam generation and the use of a Rankine cycle to gener- 
ate electricity. The option of onsite steam generation would remove 
only 0.3 percent of the heat from the effluent stream, or a 0.3"C 
drop in effluent temperature at the outfall. The Rankine cycle would 
lower the effluent temperature from 71 °C to 49 "C. (See Appendix I 
for details* ) 

A. 2. 2 ALTERNATIVES MEETING THE 32.2°C STANDARD 

For those alternatives that could meet the Class B water classification stan- 
dards, DOE identified subcategories of potential generic cooling water systems 
for K- and C -Reactors and for the D-Area coal-fired powerhouse. The subcate- 
gories identified for K- and C-Reactors consisted of cooling towers, cooling 
lakes and ponds, and cooling lake /pond and cooling tower combinations . For 
the D-Area powerhouse, the subcategories included cooling towers, direct dis- 
charge to the Savannah River, and increased flow with mixing. DOE then devel- 
oped minimum requirements for the identification in more detail of the speci- 
fic alternatives in each subcategory. These requirements included sufficient 
surface area in cooling lakes or ponds for heat dissipation, and sufficient 
cooling capacity in once- through and recirculating cooling towers to attain a 
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Using these minimum requirements , DOE initially identified 22 potential cool- 
ing water alternatives for K- and C-Reactors and four alternatives for 
D-Area. The following list describes these alternatives : 

K-Reactor Alternatives 

K-l 1400-acre once -through cooling lake between Pen Branch and Four Mile 
Creek above the railroad track 

K-2 1400-acre recirculating cooling lake between Pen Branch and Four Mile 
Creek above the railroad track 

K-3 1300-acre once-through cooling lake on Pen Branch with an embankment 
1219 meters below Road C 

K-4 1300-acre recirculating cooling lake on Pen Branch with an embankment 
914 meters below Road C 

K-5 Recirculating cooling tower TC 

K-6 Once-through cooling tower 

K-7 Once- through cooling tower to a 600-acre once- through cooling lake on 
Indian Grave Branch with an embankment about 303 meters above the con- 
fluence with Pen Branch 

K-8 800-acre cooling lake with a 400-acre hot arm to a once-through cool- 
ing tower with an embankment located about 610 meters above Road A on 
Pen Branch 

K-9 1 600-acre once- through cooling lake with an embankment in the same 
location as the 800-acre lake with 400-acre hot arm (above) 

K-10 1700-acre once-through cooling lake on Pen Branch with an embankment 
about 2134 meters below Road C, and the reactor discharge pumped to 
the cooling lake 

C-Reactor Alternatives 

C-l 1200-acre once-through cooling lake on Four Mile Creek with an embank- 
ment about 1.6 kilometer above Road A 

C-2 1200-acre recirculating cooling lake on Four Mile Creek with an 
embankment about 1,6 kilometer above Road A 

C-3 1400-acre once-through cooling lake between Pen Branch and Four Mile 
Creek below the railroad track 

C-4 Recirculating cooling tower TC 

rj_5 Once-through cooling tower 
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C-6 Once- through cooling tower to a 500-acre once- through cooling lake on 
a tributary of Four Mile Creek with an embankment about 305 meters 
above the confluence with Four Mile Creek 

C-7 800-acre cooling lake with a 400™acre hot arm to a once-thro.ugh cool- 
ing tower with an embankment on Four Mile Creek about 1280 meters 
above Road A 

C-8 1700-acre once-through cooling lake on Four Mile Creek with an embank- 
ment about 1280 meters above Road A 

C-9 1700-acre once-through cooling lake on Four Mile Creek with an embank- 
ment about 15 2 meters above Road 4 > and the reactor discharge pumped 
to the cooling lake 

K- and C-Reactors Alternatives 

K/C-l 3000-acre recirculating cooling lake on Mill Creek with an embankment 
about 610 meters above the confluence with Tinker Creek 

K/C-2 3000-acre once- through cooling lake on Mill Creek with an embankment 

K-, C-, and L-Reactors Alternatives 

K/C/L-l 3000-acre once-through and recirculating cooling lake on Mill Creek 
with an embankment about 610 meters above the confluence with Tinker 
Creek 

D-Area Powerhouse Alternatives 

D-l Direct discharge to the Savannah River 

D-2 Once-through cooling tower 

D-3 Increased flow with mixing 

D— 4 Recirculating cooling tower 

A. 3 SCREENING OF ALTERNATIVES 

After the identification of the 26 cooling water alternatives that could meet 
Class B water classification standards, DOE used a screening process to deter- 
mine which of these systems would be the most reasonable for implementation. 

As documented in the Thermal Mitigation Study , the screening process consisted 
of the successive application of exclusionary criteria and discriminatory cri- 
teria. The application of "exclusionary 11 criteria ■ led to the elimination of 
five cooling-lake alternatives for K- and C-Reactors * The "exclusionary" cri- 
teria are listed below: 

after mixing unless a Section 316(a) demonstration can be success- 
fully performed. 
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2. The temperature of a receiving stream shall not be raised more than 
2.8°C above ambient after mixing unless a Section 316(a) demons t ra- 
tion CPtu hp stirrpssf til 1 v nprf nrinpfi . 

— j E 

3, Cooling lakes shall have a minimum surface area of 400 acres at a 
temperature of 32. 2°C or less to support a successful Section 
316(a) demons t ra t ion . 

A, The average annual production loss shall be equal to or less than 10 
percent for the purpose of screening. 

This screening step eliminated the following alternatives: 



No. 



Alternative 



Reasons for elimination 



K-Reactor 



K-2 

K^4 
K-9 



1400-acre recirculating 



COO v lug i.a£e 



1300-acre recirculating 
cooling lake 
1600-acre once- through 
cooling lake 



Too small to provide needed cooling 

capacity 

Too small to provide needed cooling 

capacity 

Hot arm of about 500 acres would not 

provide required cooling capacity 



C-Reactor 



C-2 
C-8 



1200-acre recirculating 
cooling lake 
1700-acre once- through 
cooling lake 



Too small to provide needed cooling 

capacity 

Hot arm of about 500 acres would not 

provide required cooling capacity 



DOE screened the possible alternatives for the D-Area coal-fired powerhouse in 
the same manner as that used for the two reactors . However » it did not apply 
the criteria for maintaining a surface area of 400 acres at 32. 2°C or less . 
The process found all four of the possible al ternatives for the powerhouse to 
be feasible and eliminated none at this point. 

The final step in the screening process was the application of the five 'Mis- 
criminatory" criteria listed below to identify "reasonable compliance 
alternatives": 

1* Environmental impacts (i.e. , thermal and flow effects resulting from 
the effluent discharge; habitat modifications such as impacts to wet- 
lands and uplands ; water quality; intake/discharge rates ; impingement 
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transport of radionuclides ) 
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2. Implementation schedule (i.e . , the estimated time to construct the 
alternative ) 

3* Costs (capital and operating) 

4. Engineering and construction (i.e., the technical feasibility of engi- 
neering and constructing the alternative, such as pumping hot water 
over long distances , close approaches to wet bulb temperatures » non- 
standard engineering and construction techniques ) 

5. Relative operating complexity (i.e, , multiple reactor cooling systems 
versus recirculation systems versus once- through systems ) 

After the application of the discriminatory criteria, DOE eliminated the fol- 
lowing nine alternatives: 



No. 



Alternative 



Reasons for elimination 



K-Reactor 



K-3 






1300-acre once-through 
cooling lake 

cooling lake 



Environmental impacts , production loss , 

relative costs 

Fnwi *""ti!n o rit a 1 impacts rslstxvs costs - 

scheduling 



C-Reactor 



C-l 
C-9 



1200-acre once- through 
cooling lake 
1700-acre once- through 
cooling lake 



Environmental impacts » production loss , 

relative costs 

Environmental impacts , relative costs , 

scheduling 



K- and C-Reactors Combined 



K/C-l 



3000-acre recirculating 
cooling lake 



Relative costs , production loss, 
operating complexity, engineering 
considerations 



K/C-2 



3000-acre once- through 
cooling lake 



Environmental impacts , operating 
complexity, relative costs 



K-j_J>, and L-Reactors uom&ined 



K/C/L-l 3000-acre once-through 

and recirculating cooling 
lake 



Operating complexity, scheduling 
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No. 
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D-Area Powerhouse 



D^2 

D-4 



Once- through cooling 

tower 

Recirculating cooling 

tower 



Relative costs, operating complexity 
compared to direct discharge 
Relative costs » operating complexity 
compared to direct discharge 



As a result of the successive application of the exclusionary and discrimina- 
tory criteria, DOE identified the following alternatives as reasonable for 
implementation for K- and C -Reactors and the D-Area coal-fired powerhouse: 



K-l 



K-Reac torAl te rna t i ve s 

1400-acre once-through cooling lake between Pen Branch and Four Mile 






K-5 



K-6 



K-7 



Recirculating cooling tower 
Once— through cooling tower 

Once-through cooling tower to a 600-acre once-through cooling lake on 
Indian Grave Branch with an embankment about 305 meters above the con* 
fluence with Pen Branch 



TC 



K-8 



800-acre cooling lake with a 400-acre hot arm to a once-through cool- 
ing tower with an embankment located about 610 meters above Road A on 

Pen Branch 



C-Reactor Alternatives 



C-3 



1400-acre once-through cooling lake between Pen Branch and Four Mile 
Creek below the railroad track 
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Rec ittiulei ting cooling tower 



1L, 



C-5 



Once-through cooling tower 



C-6 



Once-through cooling tower to a 500-acre once-through cooling lake on 
a tributary of Four Mile Creek with an embankment about 305 meters 
above the confluence with Four Mile Creek 



C-7 800-acre cooling lake with a 400-acre hot arm to a once-through cool- 
ing tower with an embankment on Four Mile Creek about 1280 meters 
above Road A 
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D-Area Powerhouse Alternatives 



D-l 



Direct discharge to the Savannah River 



D-2 



Increased flow with mixing 



A. 4 ALTERNATIVES CONSIDERED IN THIS EIS 

As part of the scoping process, DOE invited interested parties to comment on 
the alternatives it would consider in this environmental impact statement 
( Federal Register , 50 FR 30728). Because of unfavorable topographic features 
in the areas around K- and C-Reactors and the resulting high capital costs for 
constructing large cooling lakes, DOE proposed that this statement consider 
only the once-through and recirculating cooling towers. In addition* DOE pro- 
posed that it not perform a detailed evaluation of the alternative calling for 
direct discharge of D-Area effluents to the Savannah River because of its 
higher capital costs, the longer schedule for implementation* and the poten- 
tial reduction in habitat for endangered species that would be caused by the 
reduction in flow in Beaver Dam Creek* During the scoping period, DOE 
received no comments related to its preliminary determination of reasonable 
alternatives to be considered in the environmental impact statement. 

Based on the screening process as documented in the Thermal Mitigation Study 
(DOE, 1984) and DOE's preliminary determination (50 FR 30728), DOE has decided 
to consider in detail in this environmental impact statement the alternatives 
of once-through and recirculating cooling towers for the K- and C-Reactors in 
addition to the "no-action" alternative (required by the Council on Environ- 
mental Quality for implementing the procedural provisions of the National 
Environmental Policy Act). For the D-Area coal-fired powerhouse, the Depart- 
ment has decided to consider in detail the alternatives of increased pumping 
to the raw water basin, direct discharge to the Savannah River, and "no 
action, " 
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Since the completion of the Thermal Mitigation Study and the Draft EIS (DOE, 
1986), further design evaluations and studies have been initiated to determine 
optimal performance parameters and to achieve lower costs* These evaluations 
and studies have indicated that , in several areas , optimization of performance 
and cost savings can be realized in the construction and operation of once- 
through towers without introducing major changes in the nature or magnitude of 
the environmental impacts . These areas include the consideration of gravity- 
feed versus pumped-feed towers , natural-draft versus mechanical-draft towers, 
and a chemical injection system for either dissipation or neutralization of 
chlorine biocide versus holding ponds (and their sizing) - Similarly, these 
evaluations and studies have also led to the development of thermal perform- 
ance criteria that, when incorporated in the final design of a once-through 
cooling- tower system* would reduce the potential for cold shock (i.e. , reduce 
the difference between ambient stream temperatures and stream temperatures 
when the cooling water is being discharged) to f ish. 
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APPENDIX B 
THERMAL MODELING 



B.l INTRODUCTION 

-luc Liigrinai periorniance miormation presented in Sections 2,2, 2.j, and z.*h- Oj. 
this environmental impact statement (EIS ) was calculated with the aid of three 
models. The Cooling-Tower Performance (CTPERF) model computes effluent stream 
(water and air) temperatures as a function of influent stream properties and 
tower design. The Surface-water Heat , Savannah River Plant (SHSRP ) model 
computes downstream temperatures along the SRP streams (Four Mile Creek, Pen 
Branch, Steel Creek, and Beaver Dam Creek) that receive cooling water 
effluent . The latter computation is performed as a function of effluent 
stream and extant meteorological properties. The Savannah River Dilution - 
D-Area (SRDD) model computes the temperature or dilution distribution in the 
Savannah River from D-Area based on discharge design and river flow. 

In addition to a discussion of these three thermal performance models , this 
appendix also provides a brief description of the model (FOG) that has been 
used to calculate cooling system fogging^ icing, visible plumes, and drift 
deposition. 



B.2 COOLING-TOWER PERFORMANCE MODEL (CTPERF) 

B.2.1 MODEL DESCRIPTION 

The cooling of artificially heated water, such as the heated secondary cooling 
water at C-* and K-Reactors , is a surface transport phenomenon between the 
water and the heat receptor (in this case the atmosphere ) . The cool ing towers 
described in Chapter 2 of this EIS are efficient in this heat transfer because 
they maximize the exposed surface area of the water (via droplet formation) 
and introduce a heat sink (air) that does not contain residual heat from tower 
operation (due to the buoyancy of the heated air stream) = 

The heat- transfer process involves , chiefly, the transfer of latent heat due 
to the evaporation of a small portion of the water; a secondary cooling pro- 
cess is the transfer of heat due to the temperature difference between air and 
water. The theoretical limit to which the influent water temperature can be 
cooled is determined by the temperature and moisture content of the Influent 
air stream. The wet-bulb temperature (t wb ) , which is the temperature of 
saturated air at the same enthalpy (heat content ) as the influent air , Is an 
indication of the temperature and moisture content of the influent air and, as 
such, represents the theoretical limit to which the influent water temperature 
can be cooled. Practically, the cold-water temperature approaches, but does 
not equal , the wet-bulb temperature . The closeness of the approach depends on 
tower design parameters such as air-water contact time and droplet size 
(Perry, 1963). 
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The present analysis Is based on the generaLly accepted MerkeL equation 
(Perry, 1963), 

KaV pt, dl 



, h'-h (1) 

where K = mass transfer coefficient, gm/hr/m 

a = contact area, m'/m of tower volume 

V = active cooling volume, m 

L = water flow rate, gm/hr 

h' = enthalpy of saturated air at the water temperature, cal/gm 

h = enthalpy of influent air stream, cal/gm 

ti = temperature of influent water stream, °C 

t z - temperature of effluent water stream, °C 

Equation 1 expresses the mechanism of each droplet of water being surrounded 
by a film of air and the enthalpy difference between the film and surrounding 
air providing the driving force for the heat transfer. The left-hand side of 
Equation 1 is entirely in terms of tower-operating parameters * while the 
right-hand side is entirely In terms of air and water properties. 

The latter characteristic of Equation 1 facilitates its use to compute tower 
performance* Tower design conditions ( 1 1 , t 2 , and t wt >) completely spec- 
if y the value of the integral on the right-hand side of Equation 1. This 
value, called the tower characteristic, is dependent only on tower design 
parameters . Accordingly, t-* can be obtained by implicitly solving Equation 
1 for any given air wet-bulb temperature (t W b)* which defines h, hot-water 
temperature ( t ( ) , and tower characteristic (determined , as described above , 
from design conditions ) . In addition, effluent air temperature is calculated 

is equated to the heat gained by the air. 

As discussed above, the enthalpy difference h'-h is the driving force for 
cooling. The larger this difference, the more rapid the cooling of the 
water. Mathematically, the right-hand side of Equation 1 is the area under 
tne 1 vs. t curve from t* to tt. 
h* - h 

At large values of t (i.e., close to ti ) , the fraction 1^_ is very small, 

h'-h 

As t decreases, the fraction correspondingly increases until, at t = t wb > 
the fraction becomes infinite (the theoretical limit of cooling) . This behav- 
ior of the integral can be related to the left-hand side of Equation 1, which 
indicates (for given flow rates ) the tower characteristics . The cooling of 
the water from its initially high temperatures is very rapid and uses a small 
fraction of the tower. The cooling of the water at low temperatures is very 
slow and uses the major part of the tower* In terms of tower design, the size 
of the tower Increases (approximately) exponentially for each increment of 
cooling desired. 
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The air flow rate is specified (constant) for the fan-driven mechanical draft 
tower. For the natural draft tower, the air flow rate is a function of the 
density difference between the incoming and outline air. The Hrv *ir flow 
rate can be derived by applying the Bernoulli equation and continuity to the 
tower inlet and outlet cross-sections. The result is: 



G= A2U2/ Pi 



,1 +Hi 



U2 2 =2 fl< .y/Pi- $i 



where: \s\ 



go 

y 
p 

k 
A 
U 
H 
G 



1 +k P 



2/A2 
1 Iai 



>. *-* 1 / 

V ' f 

= 980 dynes/gm 

= tower height, m 

= density of air, gm/m 

= loss coefficient 



m 



= cross-section area, 

= air velocity, m/sec 

= absolute humidity, gm-water/gm-dry air 

= dry air flow rate, gm/sec 
subscript 1 = tower inlet 
subscript 2 = tower outlet 

CTPERF model results have shown excellent comparison with published tower 
design curves (lackey and Cates, 1973). 

B.2.2 MODEL USE 

Table B-l contains mean and maximum monthly wet bulb temperatures for the 
period 1952-1982 (Morris, 1987a) ♦ Tower effluent water temperatures, also 
given in Tabie B-l, are based on vendor supplied information. CTPERF was used 
to calculate performance equations relating effluent air temperatures and flow 
rates as a function of influent air wet bulb temperature and relative humidity. 

Once-through tower influent water temperatures, T l5 were based on monthly 
average reactor intake (Savannah River) temperatures (DOE, 1984a)* These 
reactor intake temperatures were elevated by the temperature rise through the 
reactor heat exchangers, which can be described (Neill and Babcock, 1971; NUS 
Corporation, 1984) as 
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where AT = 



* i n ~~ 



AT = 65.79 - .6568 T in (2) 

maximum reactor power secondary cooling water temperature rise 
across reactor heat exchangers, °C 
reactor intake temperature, °C 



Adding T in to Equation 2 yields 



Ti = 65.79 + .3433 T in 



(3) 
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Table B-l . Monthly Average and Maximum Cooling-Tower Temperatures (°C) 



p 



Temperature 


Jan 


Feb 


Mar 


Apr 


May 


June 


July 


Aug 


Sept 


Oct 


Nov 


1 
Dec ; 




Wet-bul b temperature 
Monthly average* 
Monthly maximum** 


4 
20 


6 

20 


11 
21 


14 
24 


18 
25 


22 
26 


23 
27 


23 
27 


21 
26 


14 
25 


10 
23 


i 
i 
j 

6 | 

2i i 


! 
i 


Savannah River temperature 
Monthly average 


8 


8 


11 


15 


18 


21 


23 


23 


22 


19 


15 


j 

11 
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i BC-15 


temperature 
Month! y average 
Month 1 v maximum 


19 
28 


20 
28 


23 
28 


24 
30 


26 
30 


28 
31 


29 
32 


29 
32 


28 
31 


24 
31 


23 
29 


21 
28 


< 
i 



Recirculating tower effluent 
temperature 
Monthly average 
Monthl y maximum 



14 


15 


18 


20 


23 


26 


27 


26 


25 


20 


18 


15 


25 


25 


26 


28 


28 


29 


30 


30 


29 


28 


27 


26 



a Based on average dry bulb temperature and relative humidity, 
,J Based on maximum monthly dry bulb and coincident relative humidity. 



Recirculating influent water temperatures are determined by imposing Equation 
3 on the tower performance calculations. That is, rather than specifying the 
influent tower water temperature. T,> and calculating the effluent water 
temperature, T 2 , the calculation imposes the functional relationship 



Ti - 65.79 + .3433T? 



(4) 



onto the implicit cooling-tower calculations* Effluent natural draft water 
temperatures were used as influent water temperatures for the mechanical draft 
tower in the recirculating system. 

B.2.3 MODEL RESULTS 
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The 



above information was used to calculate the effluent air performance 
equations for once-through (design conditions: T ? = 32.2°C, 
27.8°C) and recirculating (natural draft design conditions: 
38.1 C, Twu = 26. 7°C; mechanical draft design conditions: 
38.1°C, T 2 = 29.4°C, T wb = 26.7°C) towers (Morris, 1987a). 
results were used in simulating environmental effects (fogging, 
aesthetics, deposition) from the effluent air stream (see Section B.5). 
B-l includes the mean and maximum monthly effluent water temperature for each 

SVStem tVDP . TVlR pff Inpnr WAtfrr homnorahircc '\ActaA An TaKl, 

included in the Chapter 2 thermal performance analyses* 



T w \i — 
T 7 = 
T, 

These 

icing, 

Table 



R_1 



k*liUO v- 



The once-through towers are designed to meet State Class B water classifica- 
tion standards of a maximum instream temperature of 32, 2°C at the point of 
discharge to the creeks. Table B-l shows that the tower discharge will meet 
this requirement for all monthly maximum conditions. 

The recirculating towers are also designed to meet State Class B water 
classification standards. However, because the effluent water also serves as 
influent water, this system has been designed to further lower the water 
temperature* A comparison of once-through and recirculating tower effluent 
temperatures in Table B-l illustrates this difference* 
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B.3 SURFACE-WATER HEAT, SAVANNAH RIVER PLANT MODEL (SHSRF) 
B.3.1 MODEL DESCRIPTION 
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S u l l a c e 



waters is 

a transport phenomenon between the water and the heat receptor (the atmos- 
phere). Unlike the cooling towers, however, other processes contribute to 
this heat transfer. 



The flux of heat across the water surface has various components that can be 
either positive (heat entering the water) or negative (heat exiting the 
water) . The major processes are solar radiation , atmospheric radiation, back 
radiation from the water body, evaporation* and conduction. 

The net solar heat flux, (f sn , consists of incident solar radiation minus 
reflected solar radiation. The incident, clear-sky, solar radiation is a 
function of latitude, time of day, and time of year. In addition, reflection, 
scattering, and absorption by gases, water vapor, and particulates in the 
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atmosphere will affect this term* Accordingly, empirical representations are 
usually used to calculate the temporal distribution of incident solar radia- 
tion at a particular site. Reflected solar radiation from the water surface 
ranges from 5 to 10 percent of incident radiation (Thackston and Parker, 
1971)* A value of 6 percent was used in producing the baseline data for this 
study. The reduction of incident solar radiation by cloud cover is described 
by the factor (1 - .65c 2 ) where c is the cloud cover (range of to 1 ) * The 
net temporal distribution of solar radiation used as the baseline for this 
study was produced by the UHSPOND code (Codell and Nuttle, 1980). The back 
radiation from the water surface Ls essentially "black body" radiation. The 
latter is described by the Stephan-Boltzmann law (Bird, Stewart , and 
Lightfoot, 1966): 

♦* = ea(T s + 273)' (5) 

where e = atmospheric emissivity (1 for a theoretical black body) 
XE o = Stephan-Boltzmann constant (1*17 x 10~ 6 Cal/m - day 

- °K) 
T s + 273 = absolute temperature of the water surface in Q K 

The emissivity of the water is well-known as 0,97 (Ryan and Stolzenbach, 
1972) . The long-wave atmospheric radiation, <j> a , is also described by 
Equation 5 , except that the temperature used is that of the atmosphere, T a ♦ 

The emissivitv of the atmosohere can be emoiricallv described as 

_ _,. _._.__ rf _ ______ v .__ __ — 

e = 9.4 x 10" 6 (T a + 273) 2 (1 + .17c*) (6) 

where the cloud-cover term describes the darkening of the sky and the atten- 
dant increase in emissivity. The net atmospheric radiation, <f>an» is taken 
as 97 percent (the water surface reflecting 3 percent) of the incident radia- 
tion (Ryan and Stolzenbach, 1972). 

The evaporative heat flux* <t> e , from the water surface is mechanically 
equivalent to the latent heat of vaporization of the water being evaporated 
into an atmospheric boundary layer (which is in equilibrium with the water 
surface) and subsequently transported to the atmosphere. This transport (con- 
vection) of heat has two components : forced convection (due to the wind) and 
free convection (due to buoyancy effects). 

The forced convection term, 4>eL* is empirically described as 

♦ei = kW 2 (e s - e a ) (7) 

where k = a constant 

W 2 = the wind speed 2 meters above the water surface in meters per 
TF second 

e s = the saturated vapor pressure at the temperature of the water 

surface in mm Hg 
e a = the vapor pressure of the air (mm Hg) 
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The form of the free convection term, (j> e ^ * is taken from experimental work 
of free convection over a flat plate modified by the fact that water vapor is 
lighter than air (and, therefore, evaporation increases the buoyancy forces ) 
(Ryan and Stolzenbach, 1972). The result is 



i / .^ 



<t>e? - 18.4 (T sv - T av ) l ' J (e s - e a ) (3) 

where T v = (T + 273)/(l - .378e/p) 

e = e a and T = T a for T v = T av 
e = e s and T = T s for T v = T sv 
p = atmospheric pressure in mm Hg 

The total evaporative heat flux, 4> e , is then the sum of <J> e , + <(>«<?. 
A value of k = 31*3 (for the units given above) has been found to be appropri- 
ate (Ryan and Stolzenbach, 1972). 

PrPiri rsiic ct-n^ioc Vi oim *- Vi rt*.«-4 Vkit- 4-U,^. ^-LTr^i-^rt *--. -I- A * rn U ^ « *- f 1 „„ 1 1„v„J l 
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Equations 7 and 8 is too large. A multiplicative constant, C, can be defined 
that results in a better approximation to the actual flux. A value of 0.78 
has been found elsewhere (Firstenberg and Fisher, 1976) and is used here* 

Heat conducted from the water to the atmosphere via the atmospheric boundary 
layer must be transported analogously to the convection of evaporative heat 
flux. The heat conduction flux, <f> c , is related to <f> e through the 
Bowen Ratio; that is 

♦ c/<t>e =* R(T S - T a )/(e s - e a ) (9) 

where R = .46 mm ttg/°C (Ryan and Stolzenbach, 1972). 
The total heat flux, <|), into the water surface is then; 

<t> = 4>sn + <t>an - <f> b ~ 4> e ~ <t>c (10) 

Equation 10 allows the total heat flux to be calculated, given the solar radi- 
ation, air temperature , cloud cover , water temperature , wind speed , and rela- 
tive humidity. For a given set of meteorological conditions , the only vari- 
able in this list is the water temperature, T s . For the site streams , where 
the flow will be vertically well mixed (due to turbulent and shallow flow) and 
plug flow in character (due to the long , narrow nature of the streams and the 
assumed steady flow and meteorology), the equation describing the conservation 
of heat can be written as (Harleman, 1972) 

UdT = __*^ (11) 

dx pcd 

where U = average cross-section velocity, m/sec 
T = water temperature, °C 
x = downstream distance, m 
p = density of water, gm/m 3 
c - specific heat of water, cal/gm-°C 
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d = depth, m i 

4> = total heat flux into the water surface, cal/ra -sec 

Equation 11 quantitatively expresses that the change in heat content of the 
creek over a given distance (left-hand side of equation) is equal to the heat 
passing through the water surface over this distance (right-hand side of equa- 
tion). For a given discharge and a given distance, all parameters in Equation 
11 are known except for T and <J>. Equation 11 together with Equation 10 
allows the computation of T vs. x. 

To facilitate the computation and illustrate the behavior of the solution, the 
concepts of surface-heat-exchange coefficient and equilibrium temperature are 
introduced. The surface-heat-exchange coefficient, K, relates the change in 
heat transfer rate to the change in water surface temperature (Edinger and 
Geyer, 1965): 

K = ^ (12) 

9T 

The equilibrium temperature, T e » is the temperature that the water 
approaches for a given set of meteorological conditions (analogous to the 
,.,^4- K..1K 4-~ mT ^,-^ f-n*-Q fnr i- n r\ l T n <x iT*w^rfl^ ^ n H t r f.hnt temoerature at which <t> 
= (calculated from Equation 10), Integrating Equation 12 and noting the 
definition of T R yields: 

4> = -K (T - T e ) ( 13 > 

which* when substituted in Equation 11, results in: 

dT - Z KW dx (1M 

T-T e cQ 

where Q = fLow rate* m /sec 
W = surface width, m 
Q/W = Ud 

Equation 14 can be integrated (for constants K, Q, W» and T e ) to give: 

Ti -T e = exp KW_ (x z - x,) (15) 

T 2 "T e pcQ 

where the subscript 1 indicates the inflow location and subscript 2 indicates 
the outflow location. 

In typical applications (e.g., steam power plants) where the heat-exchange 
temperature rise is relatively small (e.g., 10"C)» Equation 15 can be 
directly applied. However, for such applications as the highly elevated dis- 
charge temperatures from the existing C- and K-Reactor systems, the value of K 
cannot be considered constant over the large ranges of temperature, T i 
T 2 . This is illustrated in Figure B-l , which shows K vs, T for typical site 
summer meteorological conditions* [Analogous to the cooling-tower analysis , 
the rate of cooling at high temperatures (high K) is much more rapid than that 
at low temperatures (low K) due to the exponential relationship between K and 
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Figure B-1. Heat Exchange Coefficient vs Temperature (Typical Summer Conditions) 
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the water temperature] - Accordingly, SHSRP computes Equation 15 iteratively ; 
that is , a series of small temperature steps, Ti - T 2 , are taken and the 
summation of the corresponding values of x?. - Xi is calculated* The pro- 
cess is repeated until the summation matches the required value. 

SHSRP results have been compared with analytic solutions to the heat balance 
problem (Ryan, 1972). With the conditions for which analytic solutions are 
feasible (i.e., constant stream width), the two methodologies were in exact 
agreement. The results of SHSRP, with variable stream width, were also 
compared with temperatures measured in the thermally loaded SRP streams, Pen 
Branch and Four Mile Creek. Ground truth and remote sensing data for eight 
dates, which covered all seasons and a variety of operating modes, were used 
for the comparison. The Pearson product-moment correlation coefficients , 
which measure the linear relationship (or trend) between the measured and 
predicted temepratures , were found to be 0.93 and 0.86 for Pen Branch and Four 
Mile Creek, respectively. These coefficients indicate that SHSRP is a valu- 
able tool in predicting SRP stream temperatures . The difference from a per- 
fect correlation (coefficient = 1) could be explained by the error inherent in 
the measured temperatures, the uncertainty of the extant ambient flows, and 
the fact that the measurements are instantaneous , whereas the model uses daily 
average information* 

B.3.2 MODEL USE 

SHSRP was used to calculate downstream temperature distributions during 
monthly average and extreme meteorological conditions for the various cooling- 






for C— and K— Reactors and the D— Area nowerhouse* Meteor^ 



ological conditions (wind speed, air temperature, cloud cover, solar radi- 
ation, and relative humidity) were taken as those measured at Bush Field for 
the 30-year period 1953 to 1982 (NCDC, 1983). Table B-2 contains the minimum, 
mean, and maximum monthly average meteorological parameter values for the 
period of record. 

BC-4 Equilibrium temperatures for daily average meteorological conditions were cal- 

BC-14 culated for the 30-year period, and monthly averages of these values are given 

BC-15 in Table B-2. Extreme monthly meteorological conditions were chosen as those 

extant during the months corresponding to the maximums in Table B-2. Average 

monthly meteorological conditions are the mean monthly averages given in the 

same table. 
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B.3.3 MODEL RESULTS 

The above information was used to calculate the downstream temperatures in 
Four Mile Creek, Pen Branch, and Beaver Dam Creek during monthly average and 
extreme meteorological conditions. Downstream temperatures for the various 



al tematives 



and creeks , as illustrated in Figure B-2 , are compiled in Tables 



B-3 through B-5 . 

The tower discharge temperatures are based on the appropriate values from 
Table B-l. The once- through tower discharge flow rate is 11 cubic meters per 
second and the recirculating tower discharge (blowdown) flow rate is 0.7 cubic 
meter per second (Morris, 1987a). The annual average Four Mile Creek (at Road 
A-7) and Pen Branch (at Road B) flows, other than reactor effluent, are 
approximately 0.5 and 0.3 cubic meter per second, respectively, and are 
assumed to be at equilibrium temperature (Morris , 1987b) * 
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Table B-2. 



w 



Monthly Minimum, Mean, and Maximum Meteorological Parameters 
Used in the Analysis of Downstream lemperatures 



Parameter 



Jan 



Feb 



Mar- 



Apr May June July Aug Sept 



Oct 



Nov 



Wind speed, m/sec 

Minimum monthly average 
Mean monthly average 
Maximum monthly average 

Ai r temperature > "C 

Minimum mufithly average 
Mean monthly average 
Mat i mum monthly average 

C I oiui aiver, fract i on 
Minimum monthly average 
Mean monthly average 
Maximum monthly average 

Solar radiation, cal /m*-sec 
Minimum monthly average 
Mean monthly average 
Maximum munthly average 

Relative humidity, traction 
Minimum monthly average 
Mean monthly average 
Maximum month) y average 

Eqoi 1 i br i urn temperature , "C 
Minimum monthly average 
Mean monthly average 
Maximum monthly average 



Dec 



2.3 


2.9 


3.2 


2.6 


2.3 


2.1 


2. 1 


2. 1 


1.9 


1 .9 


2.0 


2.3 




3.2 


3.5 


3.6 


3,4 


2.9 


2.8 


2.b 


2,5 


2.5 


2.6 


2.8 


3.0 




3.8 


4.3 


4.3 


4,5 


3.6 


3.7 


3.1 


2.9 


3.2 


3.3 


3.4 


3,8 




2 


4 


7 


14 


19 


23 


24 


24 


20 


15 


9 


4 




7 


8 


12 


17 


21 


25 


26 


26 


23 


17 


J2 


8 




13 


13 


16 


19 


24 


27 


28 


28 


25 


20 


14 


13 
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.35 


.27 


.40 


.36 


.42 


.37 


.40 


.32 


,31 


.16 


.33 


.46 




.58 


.54 


.56 


.50 


.55 


,56 


.61 


.54 


.53 


.42 


.47 


.54 


BC-15 


.73 


.78 


.73 


.65 


.77 


.67 
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Note: The path of Four Mile Creek shown above 

is for once-through systems only. For natural 
flow or recirculating system the entire creek 
flow enters the Savannah River at point 5. 
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Figure B-2. Locations Corresponding to Downstream Temperatures in Tables B-3 through B-5 
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Table B-3. Downstream Temperature Distributions ( 1> C) for Four Mile, Pen Branch, and Beaver Dam Creeks with Existing Sys 



tem : 



CO 

l 

i— • 



Location 



Creek) 
( D b 



C-Reactor 
{ Four Mi le 
Oi scharge 
Road A (2) 
Road A-13 ( 3} 
Swamp Del ta ( 4) 
Mouth < 5) 

Ambient Creek*-' 

K-Reactor 
(Pen Branch) 
Discharge ( £>) 
Road A ( 7) 
RR Bridge ( 8) 
Swamp Delta { 9} 
Above Steel 

Creek (10} 
Mouth (11} 

Ambient Creek" 

D-Area 

(Beaver Dam Creek; 

Discharge (12) 

Swamp Delta (13) 

Mouth (14) 

Ambient creek" 



Jan. 



69(70) 
49(51) 
42(45) 
32(35) 
24(27) 
9(19) 



69(70) 
(jl{63> 
52(54) 
42(44} 

1M21) 

13(17) 

8(18) 



18(27) 

17(25) 

17(22) 

8(15) 



Feb. 



69(71) 
49(51) 
42(44) 
33{35) 
24(27) 
11(19) 



69> 
60' 
SI i 

42 1 



71) 
62) 
53) 
44) 



17(21) 
15(18) 
10(18) 



16(22) 

16(21) 

17(21) 

9(14} 



March 



70(72) 
50(52) 
44(45) 
34(36) 
27(29} 
15(24} 



70(72} 
61(63) 
52(54) 
43(44) 

20(22) 
18(21) 
15(22) 



21(27) 
20(26) 
20(24) 
12(17) 



Apri] 



71(73) 
53(55} 
46(48) 
38(39) 
30(32) 
19(25) 



71(73) 
63(65) 
55(56) 
46(48) 

24(26) 
21(23) 
}8<23) 



24(29} 
24(28) 
24(2/) 
15{20) 



May 



72(73} 
55(57) 
49(51) 
40(42) 
33(35) 
22(27) 



72(73) 
66(67) 
57(59) 
48(50) 

27(29) 
24(27} 
21(24} 



28(32) 
27(31) 
27(29) 
19(22) 



Month 



June 



73(74) 
57(58) 
50(51) 
42(43} 
35(36) 
25{31) 



73(74) 
67(68) 
59(60) 
50(51) 

29(30) 
27(28) 
23(27} 



29(34) 
28(33) 
29(31) 
21(25) 



July 



Aug. 



74(75) 
57(58) 
51{52) 
43(43) 
36(37) 
25(29) 



74(75} 
68(69} 
59(60) 
51(51) 

30(31) 
28(29) 
23(27) 



28(33) 
28(33) 
30(31) 
23(27) 



74(75) 
58(58) 
51(52) 
43(44) 
36(37) 
25(29) 



74(75} 
68(69} 
60(60) 
51(51) 

30(31) 
28(29) 
23(26) 



28(33 
28(32 
29(31 
23(26' 



a, 
b. 
c. 
d, 
e. 



Sept, 



73(75) 
57(58) 
50(51) 
42(42) 

34(35) 
23(28) 



73(75) 
68(69) 
59(60) 
50(51) 

28(29) 
26(27) 
21(26) 



27(33) 
27(32) 
28(30) 
23(26) 



Temperatures are monthly average - monthly extremes are in parentheses. 

Corresponds to stream locations shown as squares on Figure B-2. 

U.S. Geological Survey data for water year 1985 for station 02*97342; Four Mile Creek at Road A-7 (USGS, 1986), 

U.S. Geological Survey data lor water year 1985 for station 02197341; Pen Branch at Road B (USGS, 1986). 

Average U.S. Geological Survey data for water years 1976-1985 for station 01297320; Savannah River near Jackson 

I960, 1981, 1982, 1983, 1984, 1985, 1986). 



Oct. 



72(74) 
55(57) 
49(50) 
39(40} 
31(33} 
21(25) 



72(74) 
67(68) 
58(59) 
48(49) 

24(26) 
22(24) 
19(23) 



27(34) 
26(32) 
25(29) 
20(23) 



Nov. 



71(73) 
52(53) 
45(47} 
35(37} 
27(29} 
13(23) 



71(73) 
64(66) 
54(56) 
45{46) 

20(22) 
17(19) 
13(21) 



26(33) 
24(30) 
22(27) 
17(22) 



Dec, 



70(72) 
50(52) 

43(45} 
33(35) 
25(27) 
13(18) 



70(72) 
62(64) 
53(55) 
43(45) 

17(20) 
14(17) 
12(17) 



19(31) 

18(28) 
16(23} 
12(18) 



BC-4 

BC-14 

BC-15 



S.C. (USGS; 1977, 1978. 1979, 



Table B-4. 



Downstream Temperature Distributions (°C) for four Mile, Pen Branch, and Beaver Dam Creeks 
with Once-Through Towers for Each Reactor and for the Increased Pumping Alternative for D-Area ; 



Location 



Jan. 



Feb. 



Month 



March 



Apri 1 



May 



June 



July 



Aug 



Sept 



Oct 



Nov, 



Dec. 



C-Reactor 
(Four Mile Creek) 



Di scharge 
Road A 

r^ . . i ■ in 
KUdU W-IJ 

Swamp Delta 
Mouth 
Ambient Creek c 



l) b 
2 



f 2) 

( 4) 
( 5) 



19(28} 
18(26) 
17(24) 
15(22) 
13(20) 
9(19) 



20(28) 
18(26) 
17(24) 
16(22) 
14{20) 
11(19) 



23(28) 
21(26) 

"■l 1 J ^ I- V 

19(23) 
18(21) 
15(24} 



24(30) 
23(28) 

22(26) 
20(24) 
19(25) 



26(30} 
25(29) 

25(28) 
23(27) 
22(27) 



28(31) 
28(30} 

<CtJ^UJ 

27(30) 
26(28) 
25(31) 



29(32) 
29(31) 
29(31} 
28(30} 
27(29) 
25(29) 



29(32) 
29(31) 
28 ( 3i ) 
28(30) 
27(29) 
25(29} 



28(31) 
27(30) 
27(30) 
26(29) 
25(27) 
23(23) 



24(31) 
23(29) 
23(23) 
22(26) 
20(24) 
21(25) 



23(29) 
21(27) 
20(26) 
19(24) 
17(21) 
13(23) 



21(28} 
19(26) 
18(25) 
16(22) 
14(19) 
13(18} 



K-Reactor 
(Pen Branch) 
Di scharge 
Road A 






1 1- 



( 



RR Bridge ( 



6) 
7) 
8) 

Q \ 



Above Steel 
f Creek (10 
^L Mouth (11 
■t- Ambieat Creek" 



19(28) 
18(27) 
18(26) 

1 A / •) A \ 

P \J \ t_-T ) 

10(17) 

10(15) 

8(18) 



20(28) 
19(27) 
18(26) 
■ < i, <_-■ f 

'2(17) 
12(16) 

iau&) 



23(28} 
22(27) 
21(26) 

16(19) 
16(19) 
15122) 



24(30) 
24(29) 
23(29) 

7T/97 1 
*--■ \ *- i I 

18(21} 
18(20} 
18(23) 



26(30) 
26(30) 
26(30) 

■? R / Vfl \ 

21(24) 
21(24) 
21(24) 



28(31) 
28(31) 
28(31) 

■JDHfH 

l_U \ -'V i 

24(26) 
24(26) 
23{27> 



29(32) 
29)32} 
29)31} 

'JO/Tl 1 
*- J \ ~> ■ ) 

26(27) 
25(27) 
23(27) 



29(32) 
29(32) 
29(31) 

OQ ! 1 1 V 

£.U \ J ■ t 

25(27) 
25(26) 
23(26) 



28(31) 

28(31) 

28(30) 
9 7/ in \ 

23(24) 
22(24) 
21(26) 



24(31) 
24(30) 
24(29) 

•??! 9D 1 

18(21) 
17(21) 
19(23) 



23(29} 
22(28} 
21(27) 

LU \ l-U/ 

15(18) 
15(17) 
13(21) 



21(28) 

20(27)' 

19(26) 
-\ai *>a \ 

11(16} 
11(15) 
12(17) 



BC-4 

BC-14 

BC-15 



D-Area u 
(Beaver Dam Creek) 

Discharge ( i2) 18(27) 16(22) 21(27) 24(29) 28(30) 29(32) 28(30) 28(31) 27(31) 27(32) 26(31) 19(31) 

Swamp Delta (13) 17(25) 16(21) 20(26) 24(28} 27(30) 28(31) 28(30) 28(31) 27(30) 26(31) 24(29) 18(28) 

Mouth (14) 13(20) 14(19) 17(21) 20(24) 24(27) 26(29) 27(29) 27(29) 25(27) 21(26) 19(23) 14(21) 

Ambient creek' 8(15) 9(14) 12(17) 15(20) 19(22) 21(25) 23(27) 23(26) 23(26) 20(23) 17(22) 12(18} 



a. Temperatures are monthly average - monthly extremes are in parentheses. 

b. Corresponds to stream locations shown as squares on Figure 8-2. 

c. U.S. Geological Survey data for water year 1985 for station 02197342; Four Mile Creek at Road A-7 (USGS f 1986). 

d. U.S. Geological Survey data for water year 1985 for station 02197341; Pen Branch at Road B (USGS, 1986). 

e. Increased pumping alternative (or D-Area. This alternative is equivalent to existing system for average conditions. 

f. Average U.S. Geological Survey data for water years 1976-1985 for station 01297320; Savannah River near Jackson, S.C 
1980, 1981, 1982, 1983, 1984, 1985, 1986). 



(USGS; 1977, 1978, 1979, 



Table B-5. Downstream Temperature Distributions (°C) for Four Mile,' Pen Branch, and Beaver Dam Creeks 

with Recirculating Towers for Each Reactor and for the Increased Pumping Alternative for D-Area 3 



I 

i— » 

ui 



Location 



Jan. 



Feb. 



C-Reactor 
( Four Mile Creek) 
Discharge ( 
Road A ( 

Road A- 13 ( 
Swamp Delta ( 
Mouth ( 

Ambient Creek c 



2} 
3) 
4) 
5) 



K-Reactor 

(Pen Branch) 
Di scharge 
Road A 
RR Bridge 
Swamp Delta 
Above Steel 

Creek 
Mouth 
Ambient Creek d 



6) 
7) 
8) 
9) 

10) 
11) 



D-Area e 

(Beaver Dam Creek) 

Discharge (12) 

Swamp Delta (13) 

Mouth (14) 

Ambient creek f 



14(25) 
9(16) 
8(15) 
8(15) 
7{14) 
9(19) 



14(25) 
11(19) 

9(17} 
8(15} 

7(14) 

10(14) 

8(18) 



18(27) 

17(25) 

15(22) 

8(15) 



15(25) 
1106) 
11(16) 
10(15) 
10(14) 
11{19) 



15(25) 
12(18) 
11(17} 
11(16} 

10(14) 
11(15) 
10(18} 



16(22) 

16(21) 

15(19) 

9(14) 



March 



18(26) 
15(18) 
15(18) 
14(17) 
14(17) 
15(24) 



18(26} 
16(20} 
15(19) 
15(18) 

14(16) 
15(19) 
15(22) 



21(27) 
20(26) 
18(23) 
12(17) 



Apri 1 



20(29) 
18(21) 
18(21) 
19(21) 
17(19) 
19(25) 



20(28) 
19(24) 
19(23) 
19(22) 

15(17) 
18(20) 
18(23) 



24(29) 
24(28) 
22(26) 
15(20} 



T- 



May 



23(28) 
22(25) 
22(25) 
22(26) 
20(23} 
22(271 



23(28) 
23(27) 
23(26) 
23(26) 

17(20) 

21(24) 
21(24) 



28(30) 
27(30) 
26(28) 
19(22) 



Month 



June 



July 



26(29) 
25(27) 
25(28) 
26(28) 
24(25) 
25(31) 



26(29) 
26(28) 
26(28) 
26(28} 

21(23) 
25(26) 
23(27) 



29(32) 
28(31) 
27(30) 
21(25) 



27(30) 
27(28) 
27(29) 
27(29) 
25(26) 
25(29) 



27(30) 
27(29) 
27(29) 
28(29) 

23(24) 
25(27) 
23(27) 



28(30) 
28(30) 
27(29) 
23(27) 



Aug. 



26(30) 
26(28) 
26(28) 
27(29) 
25(25) 
25(29) 



26(30) 
27(29) 
27(29) 
27(29) 

22(23) 
23(24) 
23(26) 



28(31) 
28(31) 
27(30) 
23(26) 



Sept 



25(29) 
23(25) 
23(25) 
24(26) 
21(23} 
23(28) 



25(29) 
24(27) 
24(27) 
24(26) 

18(19) 
20(23) 
21(26) 



27(31) 
27(30} 
26(29) 
23(26) 



Oct. 



20(28) 
17(21) 
17(21} 
17(20} 
15(19) 
21(25) 



20(28) 
19(25) 
18(23) 
17(21) 

13(17) 

13(19) 
19(23} 



27(32} 
26(31) 
24(28) 
20(23) 



a. Temperatures are monthly average - monthly extremes are in parentheses, 

b. Corresponds to stream locations shown as squares on Figure B-2. 

c. U.S. Geological Survey data for water year 1985 for station 02197342; Four Mile Creek at Road A-7 (USGS, 1986). 

d. U.S. Geological Survey data for water year 1985 for station 02197341; Pen Branch at Road B (USGS, 1986). 

e. Increased pumping alternative for D-Area. This alternative is equivalent to existing system for average conditions 

f. Average U.S. Geological Survey data for water years 1976-1985 for station 01297320; Savannah River near Jackson, 
1980, 1981, 1982, 1983, 1984. 1985, 1986). 



Nov. 



18(27} 
14(18) 
14(17) 
13(16) 
13(15) 
13(23) 



18(27) 
15(21) 
15(19) 
14(17) 

12(15) 
15(17} 
13(21} 



26(31) 
24(29) 
22(26) 
17(22) 



Dec. 



15(26) 

10(15) 

9(15) 

9(14) 

8(13) 

13(18) 



15(26) 

12(19) 

11(17} 

9(15} 

8(12) 
11(14) 
12(17) 



19(31) 
18(28) 
16(24) 
12(18) 



BC-4 

BC-14 

BC-15 



S.C. (USGS; 1977, 1978, 1979, 



The existing system discharge flow is approximately 11 cubic meters per second 

and consists of heat exchanger effluent (at Savannah River temperature raised 

according to equation 2 of Section B. 2. 2) plus auxiliary flow (assumed to be 

at Savannah River temperature). The D-Area discharge flow is about 2.6 cubic 

BC-4 meters per second (up to 4.0 cubic meters per second during extreme conditions 

BC-14 for the increased pumping alternative ) ; its temperature is equal to the 

BC-15 Savannah River temperature plus 8°C (plus 5°C during maximum flow 

conditions for the increased pumping alternative). 

Tables B-3 and B-4 indicate the large, incremental change in stream temper- 
atures from the existing system to the once- through towers • A further 
decrease in stream temperatures (as well as a large decrease in stream flow) 
occurs when recirculating towers are used v Table B— 5 ) ♦ Downs trearn temper- 
atures can increase when recirculating systems are used because the equi- 
librium temperatures (which the stream temperatures approach) are higher than 
those of the discharge while the flow is small . Downstream temperatures can 
increase because of both positive heat flux (into the water surface) and 
mixing with creek flow (other than reactor effluent ) . 



BC-14 
BC-15 



The heat balance, and therefore the equilibrium temperature, takes into 
account spatial and temporal variations in vegetative cover of the streams. 
Four Mile Creek and Pen Branch were broken down into three sDatial resimes 

- - - j. - - - u, - - 

t upper reach, middle reach, and lower (swamp) reach]; Beaver Dam Creek was 
considered to consist of an upper and lower reach* The percent of vegetative 
shading was defined for each month of the year for each reach (Morris, 
1987b)* Values ranged from less than 10 percent in the winter (all reaches) 
to 90 percent in the swamp during the summer* 



£-4 SAVANNAH RIVER DILUTION - D-AREA MODEL (SRDD) 



d.4.1 nuDuL DESCRIPTION 

The dispersion of a source of water with a temperature (or concentration) ele- 
vated above that of the receiving water can be thought of as occurring in two 
steps. The "near field' 1 is the area in the immediate vicinity of the dis- 
charge in which the mechanical mixing engendered by the difference in dis- 
charge and receiving water momentum dominates the dispersion process* After 
the discharge momentum has dissipated, the "far field 1 ' mechanism of receiving 
water turbulence causing mixing of the discharge and receiving waters is domi- 

nant . I i t". hf* niQr , har*o-o mnm^n hum -»c* fal ^Hiitnlir «m^. 1 1 / -T « j ' ^ ^.i^^*.^^. .r„1 * *- — 

approximately equal to receiving water velocity), the near field can be (con- 
servatively) neglected* 



The far field dispersion of a steady nondecaying point source discharge into a 
current of velocity, u, can be described by (NRC, 1977): 



TC 



3uC d dC 

—^— =^ — K "— — 
dx dv v 3v 



+ -i 



(16) 



^ dz 



B-16 



where C = temperature or concentration excess above ambient 

u = ambient velocity, m/sec 

x = downstream distance, m 

y = lateral distance (i.e. , perpendicular to current) , m 

z = depth, m 

K y» K z = lateral and vertical diffusion coefficient, m 2 /sec 

^uu 6 j.(,uui.uai uiiiu&iun it) ciitiuiiieu lu ue iiegngiuie wtien comparea wnn aavec— 
tion in the same direction. Also, temperature can be considered to be a non- 
decaying (i.e. , no heat transfer to the atmosphere) source within the region 
of interest because the affected areas are small. In any case, omission of 
surface heat transfer is a conservative assumption. 

Equation 16 states that the excess concentration is moved downstream" by advec- 
tion (movement by the current, left side of Equation 16) and laterally and 
vertically in the direction of decreasing concentration by turbulence (first 
and second term on right side of Equation 16, respectively). If u, K y , and 
K z are taken to be constants, then Equation 16 becomes: 

dC „ d 2 C ^ „ d 2 C 
u K y + K 2 ( 17 ) 

dx dy 2 dz 2 

For an infinite receiving water, laterally and vertically surrounding the dis- 
charge point, the analytical solution to Equation 17 is: 



C ^ Q 

— i exp 

C 4n x VKJC 



•y'^z 



-u(y s -y> 2 
4K v x 



1 j -u(z s -z) 2 | 



where C D = excess temperature (or concentration) of the discharge 
Q = discharge flow, m Vsec 

y 5 = lateral distance of source from coordinate origin 
z s = vertical distance of source from coordinate origin 

and the discharge is assumed at x = 0. 

The Gaussian distribution of Equation 18 can be generalized for a receiving 
water of finite dimensions by adding images of the concentration distribution, 
Equation 18, from the bounding surfaces; that is, the infinite distribution of 
Equation 18 can be "folded" back into the water body at the boundaries, with 
the folded excess concentrations each being a component of the total excess 
concentrations . One can picture an infinite number of folds (e.g., the left- 
hand side of the lateral distribution would be folded at the left boundary; 
the resulting distribution would then laterally exceed the right boundary and 
would have to be folded there, etc* ) for each side (of the source) for both 
the lateral (shorelines ) and vertical (surface and bottom) directions (i.e« , 
four infinite series)- The mathematical description of these images or folds 
is (NRC, 1977): 



C Q 



C o 4n x /kk 



«y) nz\ (I9) 



y"2 
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where 



TC 



f(w) = ?exp r-u<2mW+ w-wlO + ? exp [ -u(2mW - Ws -w)0 



and w = y or z 

W = B (receiving water width) if w = y or D (receiving water depth) if 
w = z 

Note that f (y) and f (z) describe the infinite folds of the first and second 
exponential terms » respectively, of Equation 18, 

A further refinement of the analysis stems from the assumption of a point 
source discharge. Equation 19 can be generalized to account for an arbitrary 
discharge geometry by integrating over the discharge dimensions (i.e. , con- 
sider the discharge an infinite number of point sources ) * where Q would then- 
be the discharge flow per unit discharge size (i.e. , length for a line source 
or area for a plane source). Such an integration of .Equation 19 would have to 
be performed numerically and would be very time-consuming , computationally . 
Accordingly, an analytical approximation to this integration has been used* 

The area! nature of the discharge source is accounted for by taking a virtual 
source distance x v ; x v corresponds to the distance , x, at which (for y = 
y 5 and z = z s ) C/C Q equals 1 in Equation 19* Accordingly, Equation 19 
is modified by replacing x with x + x v . The use of a virtual source 
distance assures conservation of mass, avoids the mathematical singularity at 
x = 0, and ensures that the calculated concentration (or temperature) at the 
source is equal to that being discharged. 

B.4.2 MODEL USE 

The model described in Section B*4. 1 was generalized for use in calculating 
the temperature distribution in the Savannah River from the multiple-source 
D-Area sparge discharge system. Based on preliminary design assumptions, the 

cuchfim wr»i ■ 1 A s***i.tt. nnr-t* rt-P ^-i-.T^-w^.-.^^»«^L4-^1, I r £ c ,4-!~~u ~ „-I„^„ on t- : i — _*_ 

^ j ^ -^'" ■« ^^j-u. ^uuaiot UL CL\J]JL UA.J-llIclL.tr J. y "J _f U±£>UlIClLge JJ 1 LJt:£> i, Z.VJ LCIIL -Lillt; LCI'S in 

diameter and 9 meters long, spaced at 3-meter intervals and aligned along the 
river bank. SRDD models such a system by considering each of the discharge 
pipes as a component to the overall temperature (or concentration) distribu- 
tion* Distances x are measured, for each pipe, from that pipe (x = is taken 
at the upstream pipe). Virtual source distances, x v , are calculated indi- 
vidually for each pipe (i.e., C/C Q equals 1 at each pipe, accounting for the 
contributions of all upstream sources). 

The total discharge flow is 2*6 cubic meters per second, 0*04 cubic meter per 
second per discharge pipe; the discharge water velocity is 1.2 meters per sec- 
ond, and its excess temperature is 8°C (above the temperature of the 
river) . Table B-6 lists the Savannah River parameters used in the analysis * 
The approximate river cross-section at the discharge (average width = 61 
meters, average depth = 3.2 meters) was known for a base river flow of 188 
cubic meters per second- Log-log interpolations of river gage heights at 
Jackson for this flow (gage height = 2,28) and for 490 cubic meters per second 
[gage height = 4.62 meters (USGS, 1981)] were performed for the seasonal 
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Table B-6. Savannah River Parameters Used in Analysis 



Parameter 



Flow (m '/sec) 
Width (m) 
Depth (m) 
Temperature (°C) 
Horizontal diffusion 

coefficient (in 2 /sec) 
Vertical diffusion 

coefficient (m^/sec) 



Winter 


Spring 


Summer 


Summer 


average 


average 


average 


extreme 


345. 


37i.O 


212,0 


159.0 


70,0 


71.0 


65.0 


59,0 


4.6 


4.8 


3.5 


2.9 


8.0 


17.0 


23.0 


28.0 


.26 


.26 


.26 


.26 


-0026 


• 0026 


.0026 


.0026 



flows. The change in gage height between the interpolated value and that at 
the base flow was assumed to be the change in average depth at the discharge. 
Typically, as the flow increases , the width, depth , and velocity of the river 
increases * Average widths were assumed to be the mean of 61 meters (known 
width at the base flow) and that width that would result in the same average 
river velocity as that at the base flow. These assumptions will result in 
river dimensions that accede to the typical river dimension- flow characteris- 
tics described above. 

For the region near the discharge (about 100 meters from the discharge) , the 
temperature distribution will be (for a given velocity) insensitive to the 
river dimensions. This occurs because the plume has not had time to grow 
sufficiently such that the images from the far boundaries (Georgia shoreline 
and river bottom) are important. In addition, the temperature at any given 
coordinate decreases with increasing river velocity. This is apparent from 
Equation 19, which shows that the river velocity, u, enters the temperature 
function as exp(-u) ♦ 

The chosen horizontal diffusion coefficient is based on studies of the 
Savannah River approximately 20 kilometers downstream (Steel Creek) from the 
discharge (Du Pont, 1981 , Appendix A) . The vertical diffusion coefficient is 
typically one to two orders of magnitude smaller than the horizontal diffusion 
coefficient (NRC, 1977; Yotsukura and Sayre, 1976; Fischer, 1969). Calcula- 
tions with K z = 0*0026 and 0.026 square meter per second indicate that the 
former yields larger values of maximum isotherm width and cross-sectional 
area* However, at distances fart her downstream than considered here , the dis- 
charge will be fully mixed vertically and the distribution will be independent 
of K z * K z = 0.0026 square meter per second was used in the analysis. 

B.4*3 MODEL RESULTS 

Table B-7 lists the river withdrawal and discharge temperatures along with the 

zones of passage for each seasonal case * The discharge temperatures for this BC-4 

alternative, unlike the others, are based on elevating measured Savannah River BC-14 

temperatures (rather than being measured discharge temperatures) * This is BC-15 
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Table B-7. 



Temperatures and Zone of Passage Sizes for D-Area 
Coal-fired Powerhouse Direct Discharge into 
Savannah River 



Parameter 


Winter 
average 


Spring 
average 


Summer 
average 


Summer 
extreme 


Temperature (°C) 

Withdrawal from river 
Discharge 


8,0 
16.0 


17.0 
25.0 


23.0 
31.0 


28.0 
36.0 



Maximum river cross-sectional 

area (percent of total) 

having temperature ( °C ) 

less than 

2.8 (excess) 99-7 

32,2 (absolute) 100 

Maximum river width (percent 
of total) having temperature 
excess (°C) less than 

2.8 (excess) 95 

32.2 (absolute) 100 



99.7 
100 



95 
100 



99.5 
100 



94 
100 



99.3 
99.7 



93 
96 



BC-4 because comparison between river and discharge are relevant and need to be on 
BC-14 the same basis , The extreme summer conditions result in the smallest zones of 
BC-15 passage. Figure B-3 shows the maximum cross-sectional area (as a fraction of 
the total ) , and downstream extent (meters from the discharge pipe farthest 
upstream) as a function of excess temperature for extreme summer conditions. 
Excess temperatures corresponding to those extents less than 3 meters down- 
stream from the discharge pipe located farthest downstream will actually exist 
intermit tent lv in the river: that is. such isonleths (greater than 2.8°C) 
exist near each discharge pipe but will dissipate between pipes. 

Figure B-3 also shows the suggested width and cross-sectional area of the zone 
of passage. This figure shows that the direct discharge will be well within 
the suggested zone-of-passage criteria. 

B.5 FOG MODEL 

The occurrences of ground-level fogging , icing, elevated visible plumes , and 
ground deposition rates of dissolved solids in drift in the environmental 
impact statement were calculated by the NUS computer code FOG (Fisher, 1974). 
The FOG model provides predictions of these environmental impacts over a geo- 
graphical area surrounding the site. For these analyses, sequential hourly 
meteorological data representative of the geographical areas surrounding 
C-Area and K-Area at the Savannah River Plant were used for the 5-year period 
from January 1975 to October 1979. 
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The FOG model simulates the dispersion of a plume from evaporative cooling 
systems using sequential meteorological data. It defines a bent-over plume 
using the Briggs plume rise equations (Briggs , 1969 ) out to the distance at 
which the plume levels of f , and Gaussian dispersion equations at greater dis- 
tances . The plume buoyancy employed in the calculat ions is computed from the 
effluent temperature and airflow rate at the exit of the cooling tower and 
from the ambient dry-bulb temperature and relative humidity. The merging of 
plumes from the round, mechanical-draft, multifan cooling towers is considered 
using equations developed by Briggs (197*0 for a cluster of cells. 

The plume is assumed to propagate rectilinearly, and any meandering effects 
due to wind shifts are neglected. Atmospheric stability classes are those 
calculated from the standard deviation of wind direction fluctuations or, if 
these data are unavailable, from those reported by the National Weather Serv- 
ice for every hour for the period under consideration. The dispersion param- 
eters used were those of Pasquill-Gif f ord (DOE, 1984c ) - Formulations for 
critical wind speed relative to the aerodynamic downwash of the exhaust 

nl siniQc in t-li£i uato r\f hho I" nwi^ ** nn^di* hncrh wi nrl f^nnrli Hnnc nv~t=> al firt in^lnH^H 

in the FOG model. 

In addition to the preliminary design information contained in Chapter 2, the 
following assumptions were made in the analysis of fogging , icing , visible 
plumes, and ground deposition rates of dissolved solids: 

Circulating water flow =11.3 cubic meters per second 

Drift rate (percent of circulating water flow) = 0,006 percent 

Total dissolved solids concentrations (TDS ) in influent water = 53 parts 

per million 

Cycles of concentration for recirculating towers - 3 

Drift droplet size (mass median diameter) = 376 microns 

Air flow rate for mechanical draft recirculating tower = 13,848 cubic 

meters per second 

B.5.1 INDUCED GROUND-LEVEL FOGGING 

For the purposes of these analyses , induced ground-level fog is defined as a 
reduction in & j^h-qh — i^ve 1 v* c lb i 1 i t* 7 t rt I nnn rn& t° r ^ or l^ss ac a result of the 
operation of the cooling system. Huschke (1959) defines the 1000-meter dis- 
tance as the limit on visibility above which fog is not considered to occur. 
The water content of the plume at ground level is calculated by means of the 
Gaussian dispersion analysis discussed above ; all moisture in excess of that 
required to saturate the ambient air is assumed to form condensed water drop- 
lets • An empirical equation (Better sen, 1^56) is then used to relate the 
atmospheric water content to the horizontal visibility, 

B.5.2 INDUCED GROUND- LEVEL ICING 

The frequencies of occurrence of various ice thicknesses resulting from the 
operation of the cooling towers were also calculated by FOG code subroutines 
that simulate the formation and accumulation of ice and calculate the frequen- 
cies of ice occurrences. 

The ice -format ion routines predict accumulations of ice around a cooling sys- 
tem from the impingement of condensed water and drift droplets * Calculations 
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of ice buildup are made for horizontal flat surfaces (e.g., roads). The rate 
of ice buildup can be limited either by the liquid water delivery rate to the 

COlleCt IT! 2 Slirf^rP nr hv the* hpah halan^d na^ac cnrvr tn .-.,.- »-o t *-» f ran* A rur 

conditions . 

The dispersion of the relatively small condensed water droplets is treated the 
same as that of the vapor plume (i.e., by diffusion), while the transport of 
the drift droplets follows the ballistic trajectory method employed for the 
salt deposition calculations. The FOG model performs an energy balance on the 
surface or volume of interest. Ice formation is assumed to occur only when 
the ambient temperature is less than 0°C- Ice buildup on horizontal ground- 
level surfaces is assumed to result only from fallout of the drift droplets, 
because the much smaller condensed water droplets have negligibly small 
settling velocities, the condensed water droplets are assumed not to impinge 
on flat horizontal surfaces. Melting due to solar radiation is included in 
the simulation for flat surfaces* 

B.5.3 ELEVATED VISIBLE PLUMES 

The FOG code was also used to calculate the frequencies of occurrence of ele- 
vated visible plumes over each grid point under consideration. The total flux 

nf .air* hlirmin-K a f~> T-i-i c c e+ i^s* i- A s\r, rtf +- K ^ .-.1 , . m .-. ,-* A „„,, 1 4-„ *-U„ _ 1 • „ 1 _ __-l 
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culated at successive downwind distances- The amount of entrained air is com- 
puted as the difference between the total air flow and the air flow leaving 
the cooling system. The entrained air and effluent air from the cooling sys- 
tem are assumed to be thoroughly mixed isobarically and thermodynamic proper- 
ties of the resulting mixture are calculated- A visible plume is predicted to 
occur at a particular point if calculations show that the mixed plume is 
supersaturated* 

B.5.4 DRIFT DEPOSITION 

Drift deposition analysis by the FOG code involves the following three cal- 
culations: (1) the sequential release of the entrained drift droplets from 
the effluent plume; (2) the subsequent horizontal transport of the drift drop- 
lets; and (3) the deposition rates at prespecified downwind distances for each 
wind direction. 

It is assumed in the FOG model that the initial concentration of drift drop- 
lets follows a Gaussian distribution normal to the plume axis. The release of 
the entrained droplets at any point within the plume depends on the relative 
magnitudes of the terminal fall velocity of the droplets and the vertical 
velocity of the air in the plume. At each downwind distance under considera- 
tion, these two velocities are compared for each of the various size catego- 
ries of drift droplets, and a fraction of the droplets released- This process 
is repeated until all drift droplets are released from the plume. This drift 
is carried by the ambient wind until it is deposited on the ground* The rate 
of fall of the drift droplets depends on the droplet size, which is changed by 
evaporation processes. These, in turn, depend on the physical and transport 
properties of both the liquid droplets and the surrounding air, A stepwise 
procedure is employed in the FOG code to compute the trajectory of the drop- 
lets by considering these transport, evaporation, and settling rate effects. 



B-23 



REFERENCES 

Bird* R. B. , W. E. Stewart, and E. N. Lightfoot, 1966. Transport Phenomena , 
John Wiley and Sons, Inc., New York City, New York* 

Briggs, G. A., 1969- Flume Rise , TID-25G75, Atomic Energy Commission Critical 
Review Series . 

Briggs, G. A., 1974. Plume Rise from Multiple Sources , Cooling Tower Environ- 
ment, Conference 740302, Symposium Proceedings at University of Maryland. 

Codell, R., and W* K. Nuttle, 1980. Analysis of Ultimate Heat Sink Cooling 
Pond , U.S. Nuclear Regulatory Commission, NUREG^0693. 

Dickey, J. E., Jr., and R. E. Gates, 1973. Ma naging Waste Heat with the 

n**\*\*±. ^uui-mft iuwci , iiiu crux nun, nit; 1'iui ±*zy isumjjaiiy , l t i J.t>s J-Uil , r^ailiiilii . 

DOE (U.S. Department of Energy), 1984a. Final Environmental Impact State- 
ment, L-Reactor Ope rat ion , Savannah River Plant, Aiken » South Carolina , 
DOE/EIS-0108, Savannah River Operations Office, Aiken, South Carolina, 

DOE (U.S. Department of Energy), 1984b. Thermal Mitigation Study, Compliance 
with the Federal and South Carolina Water Quality Standards, Savannah 
River Plant, Aiken, South Carolina , DOE/SR-5003, Savannah River Operations 
ir Office, Aiken, South Carolina* 

DOE (U.S. Department of Energy), 1984c. Atmospheric Science and Power Produc- 
tion , DOE/TIC-27601, Washington, D.C* 

Du Pont (E. I. du Pont de Nemours and Company), 1981, Savannah River Plant 
NPDES Permit Applications for System Permit Number SC0000175 , compiled for 
the IKJ£ Department of Energy, Savannah River Operations Office, Aiken, 
South ■ Carolina. 

Edinger, J- R., and J. C. Geyer, 1965* Heat Exchange in the Environment , 
RP-49, Edison Electric Institute, Washington, D.C. 

Firstenberg, H., and G. E. Fisher, 1976. An Investigation of Cooling Lakes 
for the Closed-Cycle Operat ion of Electric Generating Stations , Volume I, 
NUS Corporation, Gaithersburg, Maryland* 

Fischer, H. B., 1969. "The Effect of Bends on Dispersion in Streams," Water 
Resources Research , Vol. 5, No. 2. 

Fisher, G. E., 1974* FOG Model Description , NUS-TM-S-185 , NUS Corporation, 
Gaithersburg, Maryland . 

Harleman, D. R. F. , 1972. "Longitudinal Temperature Distributions in Rivers 
and Estuaries," in Engineering Aspects of Heat Disposal from Power Genera - 
tion , R. M. Parsons Laboratory for Water Resources and Hydrodynamics, 
Massachusetts Institute of Technology, Cambridge, Massachusetts, Chapter 6* 



B-25 



Huschke, R. E., 1959. Glossary of Meteorolo&y , American Meteorological 
Society, Boston, Massachusetts. 

Jacobsen, W. R., R* J- Brown, E. W. Rabon, and L. J, Tilly, 1972. Thermal 
Discharges from the Savannah River Plant , DPST-72-428, E. I. du Pont 
de Nemours and Company, Savannah River Laboratory, Aiken, South Carolina. 

Morris, 0. M. (Superintendent, NEPA Activities Department), E. I. Du Pont 
de Nemours and Company, Savannah River Laboratory, Aiken, South Carolina, 
1987a* Letter dated March 4, 1987, RE: ACWS EIS-Transmittal #16 to W. E. 
Wisenbaker, Chief, Environmental Programs Branch, Environmental Division, 
U.S. Department of Energy, Savannah River Operations Office, Aiken, South 
BC-4 Carolina. 

BC-14 

BC-15 Morris, 0. M. (Superintendent, NEPA Activities Department), E. I. Du Pont 
de Nemours and Company, Savannah River Laboratory, Aiken, South Carolina, 
1987b* Letter dated March 24, 1987, RE: ACWS EIS-Transmittal #17 to 
W» E. Wisenbaker, Chief, Environmental Programs Branch, Environmental 
Division, U.S. Department of Energy, Savannah River Operations Office, 
Aiken, South Carolina* 

NCDC (National Climatic Data Center), 1983. Computer tape, Asheville, 
North Carolina* 

Neill, J. S., and D. F. Babcock, 1971. The Dissipation of Reac tor Heat at 
the Savannah River Flant , DP-1274, E. I. du Pont de Nemours and Company, 
Savannah River Laboratory, Aiken, South Carolina. 

NRC (U.S. Nuclear Regulatory Commission), 1977. Estimating Aquatic Dispersion 
of Effluents from Accidental and Routine Reactor Releases for the Purpose 
of Implementing Appendix I , Regulatory Guide 1.113, Revision 1* 

NUS Corporation, 1984, Feasibility Study: Savannah River Plant Cooling Water 
Alternatives , Savannah River Center* Aiken, South Carolina. 

Perry, R. H. (editor), 1963. Chemical Engineers 1 Handbook , 4th edition, 
McGraw-Hill Book Company, New York City, New York, 

Pettersen, 3., 1956. Weather Analysis and Forecasting , Volumes I and II, 
McGraw-Hill, New York City, New York. 

Ryan, P. J,, 1972. "Temperature Prediction and Design of Cooling Ponds,** in 
Engineering Aspects of Health Disposaj^From Power Generation , R. M. Parsons 
Laboratory for Water Resources and Hydrodynamics, Massachusetts Institute 
of Technology, Cambridge, Massachusetts. 

Ryan, P. J,, and K. D. Stolzenbach, 1972. "Environmental Heat Transfer," in 
Engineering Aspects oj^Heat Disposal from Power Generation , R . M . Parsons 
Laboratory for Water Resources and Hydrodynamics , Massachusetts Institute 
of Technology, Cambridge, Massachusetts. 

Thackston, E, L. , and F. L, Parker, 1971. Effect of Geographical Location on 
Cooling Pond Requirements and Performance , 16130FDQ, Water Pollution Con- 
trol Research Series, Water Quality Office, U.S. Environmental Protection 
Agency. 

B-26 



USGS (U.S. GeologicaL Survey) , 1977, Water Resources Data, South Carolina, 
Water Year 1976 , USGS/WRD/HD-77/OQl , Water Resources Division, Columbia, 
South Carolina. 

USGS (U.S. Geological Survey) , 1978* Water Resources Data, South Carolina, 
Water Year 1977 , USGS/WRD/HD-78/003, Water Resources Division, Columbia, 
South Carolina. 

USGS (U.S. Geological Survey), 1979, Water Resources Data, South Carolina, 
Water Year 1978 , USGS/WRD/HD-79/004, Water Resources Division, Columbia, 
South Carolina. 

USGS (U.S. Geological Survey), 1980. Water Resources Data, South Carolina, 
Water Year 1979 , USGS/WRD/HD-80/051 , Water Resources Division, Columbia, 
South Carolina. 

USGS (U.S. Geological Survey), 1981. Water Resources Data, South Carolina, 
Water Year 1980 , USGS/WRD/HD-80/66 , Water Resources Division, Columbia, 
South Carolina. 

USGS (U.S. Geological Survey), 1982. Water Resources Data, South Carolina, 
Water Year 1981 , USGS/WRD/HD-81/046 , Water Resources Division, Columbia, 
South Carolina. 

USGS (U.S. Geological Survey), 1983. Water Resources Data, South Carolina, 
Water Year 1982 , USGS/WRD/HD-82/078, Water Resources Division, Columbia, 

L>VUW11 UUL \J ±. J.LJC1 « 

USGS (U.S. Geological Survey), 1984. Water Resources Data, South Carolina, 
Water Year 1983 , USGS/WRD/HD-85/208, Water Resources Division, Columbia, 
South Carolina. 

USGS (U.S. Geological Survey), 1985. Water Resources Data, South Carolina, 
Water Year 1984 , USGS/WRD/HD-86/214, Water Resources Division, Columbia, 
South Carolina. 

USGS (U.S. Geological Survey), 1986, Water Resources Data", South Carolina, 
Water Year 1985 , USGS/WRD/HD-87/213, Water Resources Division, Columbia, 
South Carolina. 

Yotsukura, N. , and W. W. Sayre, 1976- "Transverse Mixing in Natural Channels," 
Water Resources Research , Vol. 12, No. 4. 



B-27 



APPENDIX C 
ECOLOGY 



C.l INTRODUCTION 

This appendix is based primarily on information from three documents: the 
Comprehen sive Cooling Water Study (Du Pont, 1985, 1987), which presents data 
collected in 1982 and additional data collected through August 1985; a report 
that summarizes impingement and entrainment impacts at the SRP from 1983-1985 
(DOE, 1987); and a report on studies conducted at the site to evaluate the 
potential effects of chiorination and dechlorination activities related to 
proposed cooling towers for K- and C-Reactors (Wilde, 1987)* 



In 1972, the Savannah River Plant became a National Environmental Research 
Park. The Plant has one of the most intensively studied environments in the 
country. More than 700 scientific publications have resulted principally from 
research efforts by three organizations at the Plant: the Savannah River 
Laboratory, the Savannah River Ecology Laboratory, and the U.S. Forest Service 
(Wiener and Smith, 1981). Other research efforts include (1) surveys of the 
aquatic ecology of the Savannah River since 1951 by the Academy of Natural 
Sciences of Philadelphia, (2) temperature and flow monitoring of the river 
since 1959 by the United States Geological Survey (USGS), (3) remote sensing 
of the Plant using aerial imagery, and (4) various ecological studies by the 
State of South Carolina and by industry. In addition, visiting scientists 
from other universities and laboratories in the United States have performed 
research . This appendix includes these studies as appropriate. 

This appendix emphasizes Beaver Dam Creek, Four Mile Creek, Pen Branch, the 
Savannah River swamp, the Savannah River, and their important biota. These 
areas could be affected by the cooiing water alternatives considered in this 
environmental impact statement. Important biota are those species that are 
(1) commercially or recreational ly valuable, (2) endangered or threatened, 
(3) important to the well-being of the species included in categories 1 and 2, 
or (4) critical to the structure and function of the ecosystem. 



C.2 SOILS 
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Soils are an imnortant component of the environment 
occurrence and distribution of the vegetation, wildlife, and potential land 
use. Figures C-l, C-2, and C-3 show the distribution of soils in the vicinity 
of C -Reactor, K-Reactor, and the D-Area coal-fired powerhouse, respectively; 
Table C-l lists the characteristics of the soils shown in these figures. The 
C-Reactor soil map covers an area of approximately 1670 acres, while the 
K-Reactor map covers approximately 1770 acres, C- and K-Areas contain 19 soil 
types, of which udorthents and arents and urban are the most prevalent. These 
soils consist of material that has been previously deposited or material that 
remains after some of the soil has been removed; the material contains frag- 
ments or discontinuous layers of diagnostic horizons or layers, Streambed 
soils of Four Mile Creek and Indian Grave Branch consist primarily of Osier 
loamy sand; reactor operations have scoured and eroded these soils. The 
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Figure C-1. Distribution of Soil Types in the C-Reactor Area 
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Figure C-2. Distribution of Soil Types in the K-Reactor Area 
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Figure C-3. Distribution of Soil Types in the D-Area 
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Table C-l . Occurrence, Distribution, and Selected Characteristics 




of Soils Surrounding C 


-Reactor, K- 


-Reactor, 


and D-Area a 


Map 




Texture 




Drainage 


symbol 


Soil name 


(A horizon) 


class 


2 


Ailey 


Loamy sand 




Well drained 


5 


Arents and udorthents 


Sand or loam or 


Poorly drained 






sandy clay 


r loam 




10 


Osier 


Loamy sand 




Poorly drained 


12 


Blanton 


Sand 




Well drained 


15 


Tawcaw 


Silty clay 




Poorly drained 


18 


Do than 


Loamy sand 




Well drained 


22 


Fuquay 


Loamy sand 




Well drained 


07 
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27 


Lakeland 


Sand 




Well drained 


29 


Neeses 


Loamy sand 




Well drained 


30 


Norfolk 


Loamy sand 




Well drained 


34 


Ogeechee 


Loamy fine 


sand 


Poorly drained 


35 


Orangeburg 


Loamy sand 




Well drained 


38 


Rembert 


Sandy loam 




Poorly drained 


40 


Shellbluff 


Loam 




Poorly drained 


42 


Toccoa 


Clay loam 




Well drained 


44 


Troup 


Sand 




Well drained 


45 


Udorthents and arents 


Loam 




Poorly drained 


46 


Udorthents-Urban 


Sandy clay 


loam 


Well drained 


47 


Urban 


Variable 




Variable 


50 


Vaucluse 


Loamy sand 




Well drained 


51 


Vaucluse-Ailey complex 


Loamy sand 




Well drained 


53 


Wag ram 


Loamy sand 




Well drained 


55 


Chastain 


Loam 




Poorly drained 


56 


Williman 


Loamy fine 


sand 


Poorly drained 


a." Adult lormi mi oriuat ion j.or figures 


n 1 no 
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that follow numerical map symbols designate slope classes: A = 
0-2 percent, B = 2-6 percent, C = 6-12 percent, D = 12-18 percent, E = 
18-25 percent. 



dominant texture of the surficial horizons is loamy sand and sand; slopes 
typically range less than 12 percent, and most soils are well drained. 

Figure C-3 shows the distribution of soils between the D-Area powerhouse and 
the Savannah River, The D-Area soil map covers an area of approximately 880 
acres and consists of five major soil types* The udorthents-arents soil com- 
plex comprises more than 50 percent of the area. These soils consist of de- 
posited material or material that remains after the surface layers have been 
removed or disturbed. The remaining soil types consist of Chastain clay loam, 
Smithboro loam, Tawcaw silty clay, Shellbluff loam, and Toccoa clay loam, all 
of which are frequently flooded and, except for the Toccoa series, are poorly 
drained. The Toccoa series is moderately well drained with good permeability, 
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C.3 VEGETATION - GENERAL SITEWIDE 

The Savannah River Plant is located in an area where the oak-hickory-pine 
forest and the southern mixed forest intermingle (Kuchler , 1964) , The south- 
ern floodplain forest (Kuchler* 196*0, which adjoins major rivers such as the 
Savannah, is present. Dominant canopy species of the oak-hickory-pine forest 
include hickory, shortleaf and loblolly pine, white oak, and post oak. Beech, 
sweetgum, magnolia, slash and loblolly pine, white oak, and laurel oak charac- 
terize the canopy of the southern mixed forest. Typically, the southern 
floodplain forest consists of tupelo, many species of oak, and bald cypress - 
Species representative of each forest type exist on the Savannah River Plant. 
In addition, farming, fire, adaptive features, and topography have strongly 
influenced SRP vegetation* No virgin forest is in the region (Braun, 1950)* 

Since 1952, the U.S. Forest Service has managed the land surface at the 
Savannah River Plant for the Department of Energy and its predecessors. The 
Forest Service manages the land for multiple-use purposes , including environ- 
mental and ecological research areas, wildlife management areas for threatened 
or endangered species, and timber management areas (USDA, 1983). 

Table C-2 summarizes the nine major land cover classes for SRP. The dominant 
1 and-nae tvnp i s no land nine/hardwood ( 70 . 1 oercent ) followed bv wetland 
(20*4 percent). The SRP wetlands are about 66 percent bottomland hardwood 
forests, primarily along streams and in the river swamp* A relatively small 
percentage (14 percent) of SRP wetlands are cypress and tupelo swamp forest, 
found predominantly in the Savannah River swamp* Normally, scrub-shrub and 
emergent marsh areas occur in thermal and post-thermal areas (Du Pont, 1985). 

Table C-3 summarizes the wetland land-use types for the major SRP stream 
wetland communities* 

C.3.1 FOUR MILE CREEK 

Four Mile Creek, with Beaver Dam Creek, drains more than 22,480 acres . The 
Four Mile Creek floodplain has approximately 1900 acres of wetlands, primarily 
bottomland hardwood (72 percent) (Table C-3)* Downstream from C-Reactor, open 
water and emergent marsh near the stream have replaced the original hardwood 
community* Away from the thermally affected areas in the floodplain, there is 
a hardwood canopy occupying 445 acres* Overall, C-Reactor discharges have 
affected about 1147 acres of Four Mile Creek wetlands* Discharges from F- and 

n -mcaa auu ucdvei atiiviiy Licive l luuueu uiiguidi uul l um j-cuiu naiuwuuu cli-ccies 

above the K-Reactor outfall , allowing scrub-shrub (260 acres) and emergent 
marsh (50 acres) wetlands to become established (Du Pont, 1985). 

C-3. 2 PEN BRANCH 

Pen Branch and Indian Grave Branch drain about 13,590 acres above the swamp* 
Indian Grave Branch receives the effluent cooling water from K-Reactor, Pen 
Branch has about the same amount of wetlands (1725 acres) as Four Mile Creek 
(Table C-3)* Similar to Four Mile Creek, emergent marsh (115 acres) and water 
(145 acres) are common below the K-Reactor discharge* Some hardwoods exist on 
the outer perimeter of the thermally affected areas (325 acres) , but most 
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TabLe C-2. Land Use Types 



Land cover class 



Area 
(acres) 



Percentage 



u J/4.UHU ^/xu^; na J- \X w\J<JUL 

Clear areas/power lines 
Roads 

Production areas 
Subtotal 



Wetland 

Bottomland 



hardwoods 



Cypres s-tupelo 
Water b 
Scrub-shrub 
Emergent marsh 
Subtotal 

Total 



lie; i nn 

*- -* J , -LXJ1J 

11,200 

4,100 

3,100 

153,500 



25,900 
5,500 
4,400 
1,900 
1,500 

39,200 

192,700 



1C\ 1 

f \J . i. 

5.8 

2.1 

1.6 

79.6 



13.4 
2.9 
2.3 
1.0 
0.8 

20.4 

100.0 



a. Adapted from Du Pont, 1985. 

b. Includes Savannah River. 



occur in nonthermal tributaries (340 acres) or upstream of the K-Area cooling 
water releases (Du Pont, 1985). 

C.3.3 BEAVER DAM CREEK 

Beaver Dam Creek is a small stream that conveys thermal effluents from the 
D-Area coal-fired powerhouse. The creek is located 1 to 3 kilometers west of 
Four Mile Creek, A narrow band of bottomland hardwoods and scrub-shrub forest 
borders the stream from the D-Area process-water outfall to the Savannah River 
swamp (Du Pont, 1985). 

C.3.4 SAVANNAH RIVER SWAMP 

About 9400 acres (8 percent) of the Savannah River swamp forest lies on the 
Savannah River Plant from Upper Three Runs Creek to Steel Creek. The swamp is 
primarily cypress-tupelo forest (47 percent) and drier bottomland-hardwood 
islands (40 percent; Table C-4). On the islands, a few pine trees are able to 
survive (2.2 percent). The remainder of the swamp consists of scrub-shrub 
vegetation communities near the entry points of the thermal and post-thermal 
streams. Dense cypress-tupelo forest has been replaced by the mixture of 
scrub-shrub, and persistent and nonpersis tent marsh vegetation in these delta 
areas * Delta areas comprise about 15 percent of the swamp, have more plant 
heterogeneity, and are changing (Du Pont, 1985). 
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Table C-3 



Areas of Major SRP Stream Corridor 
Wetlands Communities (acres ) a 



Stream system 



BH 



SS 



EM 



CT 



W 



Total 



Percent of 
total 



Four Mile Creek 

Above C-Reactor (nonthermal) 
Below C-Reactor (thermal) 
Total 



925 
445 



255 




50 

65 



1,370 255 115 



1230 
150 660 
150 1,890 



8.3 



Pen Branch 

Above K-Reactor (nonthermal) 
Below K-Reactor (thermal, 

nonthermal tributaries ) 

Total 



725 


60 











785 


325 





115 





145 


585 


340 


5 


10 








355 


1.390 


65 


125 





145 


1,725 



7,6 



Other (Upper Three Runs, 
Lower Three Runs, 

Total SRP 



i « i in 

LU ) J. I V 



&LS. 



9fifl 



20,930 965 500 



15 
15 



^ 



1 Q. 1 9S 



330 22,740 



ftA.1 



a. Adapted from Du Pont, 1985 . 

Abbreviations : 

BH - Bottomland hardwoods 
SS - Scrub-shrub 

EM - Emergent marsh 
CT - Cypress-tupelo swamp forest 
W - Open water 



C,4 WILDLIFE 

The Savannah River Plant was approximately two-thirds forested and one-third 
cropland and pasture when the U.S* government acquired it 35 years ago (Dukes, 

1984), The abandoned fields were allowed to pass through vegetational sue- 
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Plant is large, topographically variable, and diverse in vegetational his- 
tory. It is in an area where major habitat types come together and inter- 
sperse . Human access is limited; therefore, faunal and floral diversity and 
abundance are high (DOE, 1984). 

Because the proposed alternatives will primarily affect the fauna in the 
f loodplains/wetlands, this section emphasizes species that depend on 
f loodplain/wetland habitats for some part of their life cycle. 
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Table C-4 



Area of Land Cover Classes Found 
SRP Swamp (March 31, 1981 ) a ' b 



in 



Class 



Area 
(acres) 



Percent 


: of 


swamp 


1. 


4 


4. 





4. 


1 


47. 


2 


40. 


2 


2. 


2 


0. 


7 


0. 


2 



Persistent emergent marsh (PE) 
Nonpersistent emergent marsh (NPE) 
Scrub-shrub (SS) 

Mixed deciduous swamp forest (MDSF) 
Mixed deciduous bottomland forest (MDBF) 
Needle-leaved evergreen forest (NEF) 
Open water in swamp (W) c 
Unclassified (U) 






135 

375 

385 

4430 

3775 

205 

65 

20 

oion 



inn . n 



a. Obtained by analyzing multispectral scanner data (24^0 meters AGL) provided 
by the Energy Measurements Group of EG&G, Las Vegas , Nevada, 

b. Adapted from Du Pont 4 1985. 

c* Does not include 545 acres of Savannah River water adjacent to the swamp; 
probably includes some algal beds* 



C.4.1 AMPHIBIANS AND REPTILES 



Of the more than 90 species of reptiles and amphibians known to occur at the 
Plant, 61 use the SRP streams and wetlands. Most of these species inhabit 
post-thermal stream and swamp habitats in the vicinity of Steel Creek (Du Pont, 
1985). The following list (adapted from Du Pont, 1985) contains the semi- 
aquatic species of reptiles and amphibians characteristic of SRP streams and 
swamps: 



Amphibians 

Salamanders 

Frogs - 



Reptiles 



Snakes - 



greater siren 
two-toed amphiuma 

green treef rog 
bird-voiced treef rog 
bullfrog 
bronze frog 
pickerel frog 
pig frog 



brown water snake 
banded water snake 
red-belly water snake 
mud snake 
rat snake 
rainbow snake 
cottonmouth 
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Turtles - snapping turtle 

stinkpot 

slider turtle 
river cooter 
Florida cooter 

Alligators - American alligator 

Other species might occasionally occupy these habitats . A complete listing of 
species is in Du Sont, 1985- 

No amphibians or reptiles persist on a routine basis in areas of severe 
thermal alteration. However, some species of frogs live in aquatic habitats 
that experience elevated temperatures and have deposited eggs in aquatic sites 
where lethal temperatures occurred (Du Pont, 1985)* 

Frogs and toads exhibit life history changes under elevated thermal 
conditions, particularly as tadpoles, by developing and metamorphosing more 
rapidly and at a smaller size than larvae living under normal temperature 
conditions (Du Pont, 1985)* 

The slider is the most prevalent species of turtle* This species apparently 
thrives in areas of moderately elevated water temperatures where it experi- 
ences faster growth rates and attains larger body sizes than turtles from 
local natural habitats- This can be attributed to improved diet quality, a 
longer growing season, and more rapid ingestion rates (Du Pont, 1985)* 

The striped mud turtle has been collected near the thermally elevated delta of 
Pen Branch. Original captures of this species were near Steel Creek before 
L-Reactor shutdown in 1968. No biological responses of this species to 
thermal conditions have been identified (Du Pont, 1985). 

American alligators inhabit thermally affected streams such as Beaver Dam 
Creek and refuge areas along Four Mile Creek and Pen Branch (see Section C*6 
details)* A few other reptile species, primarily water snakes and turtles , 
might also occur in these areas , but not in numbers characteristic of 
ambient-temperature streams in the region (Du Pont, 1985). 

C.4.2 AVIFAUNA 

Several researchers have studied SRP avifauna. Norris (1963 ) surveyed the 
Plant in 1963, Fendley (1978) began a study in 1973 of the wood duck in the 
Steel Creek drainage system that has continued to the present. Angerman has 
conducted winter bird counts for several years (DOE, 1984). Dukes (1984) has 
summarized the avifauna studies* 

Biologists have identified 213 -species of birds at SRP. Angerman (1979; 1980) 
listed 59 species during recent Christmas r bird counts. Game birds, parti- 
^ -la. j. a. j. j. y 4uan auu uuve, wejL'ts aounuant Deiure une u . a . kjuveiuiueiiL dcquireu Liie 
land* For a few years, the removal of land from agriculture did not decrease 
the quail population. In the early 1960s, this population reached a record 
high but began to decline because the conversion of agricultural fields to 
forests reduced the carrying capacity of the land* 
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Wild turkey, although present at Plant acquisition, were not very numerous. 
In 1972, the South Carolina Wildlife and Marine Resources Department started a 

c^ o- «... «. — ^ t^w J.J.U.AXW j.uj- l/j.u^uxi.1^ »»j.j.u «_vxj.ivi^rj^ t-ij sl-ui^h u cuci pen. W-O VJL l-ll^ 

State* Thirty-six birds were released on the Plant between 1972 and 1974. 
Population growth was slow at first, but the turkey population has increased 
greatly in the last few years. To date, about 135 turkeys have been captured 
to restock other areas of the State* 

Waterfowl are present primarily during winter migrations. After the 
construction of Par Pond, winter waterfowl species increased in number and 
diversity. An estimated 10,000 to 15,000 ducks and coots spend the winter at 
the Plant. Most of these birds are on Par Pond, other large ponds, and 
Carolina bays* Another 1000 to 2000 ducks spend the winter in the lower 
swamps and on the Savannah River* Wood ducks and hooded mergansers are the 
only waterfowl that commonly nest at the Plant. 

In general, when clearing or cutting operations open wetland areas of the 
swamp or streams, a suitable habitat develops for ducks, wood storks, and 
other birds not normally found in mature cypress and tupelo stands. The 
increased flows and temperatures from reactor effluents to Four Mile Creek, 
Steel Creek, and Pen Branch have resulted in the development of such openings 
in tue swamp. curing the summer of 1972, bird surveys conducted on the deltas 
of Upper Three Runs Creek, Pen Branch, and Steel Creek in areas with similar 
densities of dead or living trees found no significant differences in non- 
aquatic bird communities in species diversity or richness in the natural 
(Upper Three Runs Creek), thermal (Pen Branch), and post-thermal (Steel Creek) 
swamps. However, more woodpeckers, crows, and herons occurred at Pen Branch 
than at Upper Three Runs Creek. The introduction of thermal effluents has 
produced a large stand of dead trees that serve as nesting and feeding sites 
for the large woodpecker and crow populations . Crows and herons represented 
more than 50 percent of the birds at Pen Branch Delta. Low numbers of these 
same species were seen near the open channel of Upper Three Runs Creek, When 
the canopy at Pen Branch was opened, suitable habitats became available to 
these larger species. The nonaquatic bird populations of the Four Mile Creek 
delta would be similar to those at Pen Branch. 

A comparison of the number of mallards observed during 1982 aerial surveys in 
the Steel Creek delta area, Pen Branch delta, Four Mile Creek delta area, and 
Beaver Dam Creek revealed that this species used the delta areas of Four Mile, 
Steel, and Beaver Dam Creeks extensively. However, waterfowl were not 
observed in Pen Branch Delta. Mallard use of the Four Mile Creek delta area 
was generally higher than use of Steel Creek* Mallard use of the Four Mile 
Creek delta area was associated with open channels that branch off the main 
delta at a 90-degree angle. These channels are used heavily by waterfowl 
except when the water level is higher (flooding) or when the water is hotter* 

The wood stork, an endangered species, forages on the site and is discussed in 
Section C.6. 

C.4.3 MAMMALS 

The Savannah River Plant has more than 40 species of mammals. The population 
of a few species increased rapidly and some species decreased after the 

Government closed the Plant to the public in 1952. The most notable expansion 
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was in the deer herd; the present population is estimated at about 3500, The 
population grew so rapidly that by the mid-1960s deer-vehicle collisions were 
common and range deterioration was apparent. Controlled public hunts were 
started in 1965 to reduce the deer population. From 1965 to 1983, hunters 
harvested an average of 1126 deer annually. 



When the occupants relocated in 1952 for SRP, they abandoned some domestic 
hogs that multiplied and became detrimental to young forest plantations . 
Initially, a controlled program of shooting and trapping was used to reduce 
the hog population* Currently, deer hunters can shoot these feral hogs , and 
through 1983 had eliminated about 700 . The present estimated population of 
feral hogs is between 500 and 1000, Except for deer, beaver, and feral hogs 
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The following eight species of mammals are considered semiaquatic and are 
generally associated with the wetland/f loodplain habitats: 

Order Insectivora - Shrews and Moles 



Family Talpidae 

Condylura cristata 



Star-nosed mole 



Order Lagomorpha - Rabbits and Hares 



Family Leporidae 

Sylvilagus palustris 



- Marsh rabbit 



Order Rodentia - Rodents 



Family Castoridae 
Castor canadensis 



Beaver 



Order Rodentia - Rodents (continued) 



Family Cricetidae 

Ondatra zibethicus 
Oryzomys palustris 



- Muskrat 

- Rice rat 



Order Carnivora - Carnivores 



Family Procyonidae 
Procyon lotor 



- Raccoon 



Family Mustelidae 
Lutra canadensis 
Mustela vision 



River otter 
Mink 



Order Marsupialis - Marsupials 



Family Didelphiidae 

"j-uca jj . i L -l o ma j. a u.p j-o. -l x a 
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None of these semiaquatic mammals inhabit reactor effluent streams during 
periods of elevated water temperatures- Beaver and otter, however, reoccupy 
these streams within 24 hours of reactor shutdown (Du Pont. 1985)* 



C,5 AQUATIC BIOTA 

Six major aquatic habitat types occur at SRP; small ponds, Carolina bays, 
reservoirs, streams, and the Savannah River and its associated f loodplain 
swamp. The surface areas of these waters vary in size, from less than 1 acre 
to about 2700 acres* Flows in the various streams range from intermittent to 
more than 11 cubic meters per second. 

Water flow patterns through the swamp system bordering the Savannah River are 
complex; these patterns change depending on water levels in the Savannah 
River, Patterns are quite diverse; distinct water courses alternate with 
braided channels and broad flats of barely perceptible water movement. Many 
fish species use the swamp system as a spawning and rearing ground. Its use 
depends on high water levels , which increases spawning habitat . The swamp is 
one of the most variable habitats, exhibiting depth fluctuations of 4 meters 
or more along with the input of thermal effluents, 

C.5.1 AQUATIC FLORA 

Attached algae (periphyton) are the predominant primary producers in running- 
water environments like the Savannah River, Much of the phytoplankton 
(floating algae) community consists of true planktonic forms, as well as 
detached periphytic forms , that are discharged from upstream reservoirs and 
from backwaters and tributary streams. l 

Diatoms dominate the algal flora of the Savannah River, Although blue-green 
algae are at times an important component, particularly at upstream locations 
that are subject to organic enrichment from municipal effluents, industrial 
effluents, and agricultural runoff. The greatest algal diversity consistently 
occurs during the summer, coincident with low river flow and decreased 
turbidity, which allows greater light penetration. 

Approximately 400 species of algae have been identified from the Savannah 
River near SRP (Patrick, Cairns, and Roback, 1967). Since 1951 , when algal 
studies began, the diversity has decreased. Patrick, Cairns , and Roback 

V i. 7U / / a uggcci lcu Li.ia i* 1.11 j.a iciiCLLa an iLn,Lcaac ujl uigaiu.^ iuam,iiK uu mc 

river from the area above the Plant (ANSP, 1961, 1974). 

Aquatic macrophytes in the river, most of which are rooted, are limited to 
shallow areas of reduced current in oxbows and along the shallow margins of 
tributaries. Eight species of vascular plants have been identified from the 
river adjacent to SRP; the most abundant are water milfoil , hornwort , 
alligator weed, waterweed, and duck potato. 

Flora are greatly reduced in the SRP streams that receive thermal effluents , 
reflecting the influence of high flows and elevated water temperatures . The 
thermal gradient ranges from temperatures too high for most living organisms 
(70°C), through a thermophilic bacteria and algal zone, to near-ambient 
temperatures where the water enters the Savannah River, In addition, the 
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streams are sufficiently narrow to produce nearly horizontal and vertical 
thermal constancy; thus* the only refuges from the hot water are in tribu- 
taries or adjacent sloughs. Reactor effluent has increased the total flow to 
10-20 times the normal stream flow. This flow has broadened and eroded the 
streambeds; eliminated rooted, aquatic vascular plants (macrophytes) ; reduced 
the overhead canopy, exposing the stream to sunlight; and accumulated silt 
deposits in some peripheral zones along the banks. 

C.5.1.1 Beaver Dam Creek 

Beaver Dam Creek immediately below the D-Area discharge structure is charac- 
terized by a deep (1 to 2*5 meters) channel and a substrate of shifting sand, 
fly ash, organic deposits , and occasional clay outcrops (Du Pont, 1985) . 
Riparian vegetation is dominated by a narrow band of bottomland hardwoods and 
scrub-shrub forest , where wax myrtle , tag alder , willow, and buttonbush are 
dominant. Emergent macrophytes are present in off-channel areas, such as in 
oxbows, behind sand bars, and in swamp areas along the margins of the stream 
near the delta. These areas are dominated by cattail, cutgrass, and water 
primrose. Aquatic flora is dominated by thermophilic bacteria and blue-green 
algae (Du Pont, 1985), 

C. 5-1*2 Four Mile Creek 

A relatively deep (0*3 to 1.5 meter), fast-flowing (about 140 centimeters per 
second) zone occurs where the main flow of Four Mile Creek courses toward the 
Savannah River (Du Pont, 1985)* The flora is sparse, reflecting the influence 
of high flow and elevated (greater than hO°C) water temperatures * The sub- 
strate is primarily sand, organic matter, silt, and clay- In backwaters and 
shallow areas , particularly on clay outcrops, thick mats of blue-green algae 
cover the bottom* Riparian vegetation is dominated by tag alder and wax 
myrtle. Farther downstream toward the swamp, the stream is braided over a 
marsh-like area where a few standing dead bald cypress remain. In this area, 
defined and deeper channels are relatively free of vegetation. There are, 
however, thick growths of emergent macrophytes dominated by sedges, cutgrass, 
false nettle, and water purslane* In the shallower areas, thick mats of 
bluegreen algae cover the bottom. 

C. 5*1*3 Pen Branch 

The upper reaches of Pen Branch are characterized by a substrate of sand and 
silt clay, while deep organic deposits occur in the many side channels 
(Du Pont, 1985). Blue-green algal mats similar to those in Four Mile Creek 
cover the substrate. Riparian vegetation includes sedges, grasses, wax myrtle, 
and buttonbush. Duckweed is abundant in the many side pools and channels. 

The delta region of Pen Branch is characterized by an open and closed canopy 
of living and dead bald cypress and tupelo. Many channels braid through the 
area and the flow is generally in a shallow sheet* The dominant vegetation 
consists of smar tweed, arrowhead, creeping burhead, water primrose, sedges, 
and duckweed* Fewer emergent plants are located at the closed canopy areas of 
the delta* I 
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C.5.2 AQUATIC FAUNA 

C. 5.2,1 Macro invertebrates 

The structure and function of macroinvertebrate assemblages can indicate 
long term conditions in a stream, due to their sensitivity to stress from 
pollution, and can be used in water quality evaluation (Weber, 1973), Thermal 
discharges have complex effects on macroinvertebrate communities (Hutchinson, 
1976; Ward and Stanford* 1982)* Increased water temperatures can accelerate 
or delay the emergence patterns of aquatic insects (Wise, 1980) and increase 
or decrease the number of generations (Parkin and Stahl, 1981 ; Rodgers, 
1980) . In some cases* elevated thermal reaimes can sienif icantlv reduce 
species richness (Ferguson and Fox, 1978; Howell and Gentry, 1974). Other 
macroinvertebrate taxa can respond positively to increased water temper- 
atures * For example , relative abundances of oligochaetes , nematodes , gastro- 
pods, and chironomid midges increase with thermal enrichment (Nichols, 1981; 
Rasmussen, 1982; Laybourn, 1979; Wood, 1982; Vincent, 1967; Ferguson and Fox, 
1978). 

To evaluate the response of macro invertebrates to thermal stress and the long- 
term recovery of the macroinvertebrate community, samples were collected from 
nonthermal (Meyers Branch) , thermal (Beaver Dam Creek, Four Miie Creek, and 
Pen Branch), and post- thermal (Steel Creek) streams, and from swamp locations 
on SRP between November 1983 and May 1984 (Du Pont, 1985). In addition, 
samples were collected at the mouths of Upper Three Runs Creek, Steel Creek, 
and Lower Three Runs Creek from September 1982 through August 1983 (Specht 
et al., 1984)* 

The number of macroinvertebrate taxa collected from each stream station varied 
considerably between thermal and nonthermal stations (Table C-5) . The ther- 
mal lv oer turbed sites hsd the fewest taxa - Man v of the taxa recorded at these 
sites were not resident species , but were species that had invaded and colo- 
nized during reactor shutdown periods; most were eliminated when the reactor 
restarted* 

In general , fewer macroinvertebrate taxa and lower densities of organisms were 
collected from thermal sites than from post- thermal or nonthermal sites 
(Table C-5)* The macroinvertebrate communities of the thermal sites were 
dominated by oligochaetes (segmented worms ) , nematodes (round worms ) and 
Diptera (primarily midges), while thermally sensitive taxa, such as mayflies, 
stonef lies , and caddisf lies were absent or occurred in very low densities . 
Nonthermal and post- thermal sites exhibited more diverse assemblage of macro- 
invertebrate taxa. At thermal sites , collector-gatherers clearly dominated 
the macroinvertebrate functional groups, while at nonthermal sites there was a 
more even distribution of functional groups, indicative of a more balanced 
biological community. 

C.5*2.2 Fish 

mc lJ0.vci-i-iiicx.i-i uj.Tti ami -L-L-o cto qu^- -ko. i-cu a vvcLiitjj auu tL±uuLdi.ica cauiuil ix Uiveise 

fish fauna typical of other southeastern coastal plain rivers and streams* 
Many ecological studies during the past 30 years have included the adult fish 
of the Savannah River. Matthews (1982) reviewed those studies published by 
the Academy of Natural Sciences of Philadelphia between 1951 and 1976 • 
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Table C-5. 



Composition of Stream Macroinvertebrate Community, Presented as 
Sum of Densities (no . /m*), December 1983 - May 1984 a 



Stations 



Mildly 
thermal 



Severely thermal 



Nonthermal 



Taxa 



11 



Coelenterata 75 

Turbellaria 

Nematoda 12,747 A, 965 

Annelida 

Oligochaeta 19,718 412 

Hirudinea 

Crustacea 

Isopoda 

Amphipoda 302 2 

Decapoda 

Hydracarina 557 8 

Insecta 

Collembola 8 

Odonata 153 

Ephemeroptera 17 86 

Plecoptera 

Hemiptera 

ncgaiup Lcia <j \j 

Neuroptera 

Trichoptera 127 151 

Lepidoptera 

Coleoptera 17 

Diptera 5,860 3,023 

Gastropoda 1,971 17 

Pelecypoda 4,828 







6,707 2,763 

6,178 45,612 





84 

10 17 117 

3,750 1,205 10,284 

15,185 18,001 8,812 

75 




8 

6 




87 


\j 

o 
n 



42 

19,575 

358 

2 




84 


75 





161 




n 



120 



97 

13,287 

1,512 





8 
385 


640 

8 



3,727 

385 



I, a 



5,347 



2,022 

100,199 

75 

302 





27 



210 

8 

302 

4,511 

2,172 





2,489 



1,415 

66,233 

379 

3,779 



83 

302 



2,354 

8 

4,987 
2,455 

•> 



2,981 

8 

1,786 

76,290 

22 

75 



12 




8 

5,221 

7,923 





1,001 



590 

8 
75 

1,871 

2,955 



17 


4,368 


1,058 

84,085 

316 

12,828 



a. Source: Du Pont, 1985. 

b. Stations 1 (Beaver Dam Creek), 2 and 3 (Four Mile Creek), 4 (Pen Branch), 
7 and 8 (Steel Creek), 11 and 12 (Meyers Branch). 

Bennett and McFarlane (1983) summarized the general distribution of fish 
within the major drainage systems of the Savannah River Plant. McFarlane, 
Frietsche, and Miracle (1978) and Dudley, Mullis, and Terrell (1977) reported 
the results of fisheries studies in the portion of the river near the Plant. 
In addition, the Georgia Game and Fish Division (1982) reported on an electro- 

i J.OU1HB amvcj uunuuuLeu <1L it lutcl L .luiis uemceii me men javaiiiiaii imvsi u-lu.*-*- 

Lock and Dam and Port Wentworth. Rulifson, Huish, and Thoesen (1982) compiled 
data on anadromous species, many of which are important in the Savannah 
River. The most intensive study to date of the fish community of the SRP 
streams and the Savannah River (Du Pont, 1985) began in 1983. 
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This section summarizes the influence of thermal effluents on the fish 
community, specifically the distribution and abundance of adult and larval 
fish communities in nonthermal , post-thermal , and thermal streams ; the effects 
of entrainment and impingement of adults and ichthyoplankton; the movement of 
fish into thermal streams ; and the thermal tolerance of larval fish (Du Pont , 
1985). 

Fishes of Savannah River Plant Streams 

Adult Fish of SRP Streams 

Adult fish sampling began in September 1983 in nonthermal (Me v ers Branch) $ 
thermal (Pen Branch and Four Mile Creek) , and post-thermal (Steel Creek) 
streams (Figure C-4) . 

Nonthermal Streams - Relative abundance was greatest at the Meyers Branch 
station near Road 9 during the March 17 collection (Table C-6). The 
collection (401 fish) was dominated numerically by the yellowf in shiner 
(63 percent), bluehead chub (7 percent), pirate perch (5 percent), tessellated 
darter (5 percent) , redbreast sunf ish (4 percent), and spotted sunf ish 
(3 percent)* Steel Creek near Road B exhibited similar species composition 
and abundance during the March 10 collection; this collection (270 fish) was 
composed of 14 species and was dominated by yellowf in shiner (52 percent) , 
bluehead chub (10 percent) , northern hogsucker (9 percent) , redbreast sunf ish 
(9 percent), and flat bullhead (5 percent). 

Post-Thermal Streams - The March 14, 1983, collection (Table C-6) from Steel 
Creek represented 23 species and 292 individuals . This sample exhibited the 
greatest species diversity, possibly due to its proximity to the Savannah 
River swamp. The collection was dominated by shiners (75 percent), darters 

In narfont - I a-nrl Kn 1 1 Kao/lc a-ni^ m*i j-1 f- <"*me« f 1 *) r^^T-^^i-rtl-l TK-! c oo«->^snriK1^n-£i i c? a 

mixture of species usually associated with both stream channels and pools, 
backwaters , and vegetated areas along the channel . 

Therma 1 St reams - Three locations were sampled on Pen Branch upstream of the 
K-Reactor outfall. A sample of site PB1 , collected on April 2, 1984, was 
dominated by species associated with benthic-detritus microhabitats ; it con- 
sisted of 76 individuals and 10 species (Table C-6) . This sample was domi- 
nated by the mud sunf ish (30 percent) , brown bullhead (17 percent) , dollar 
sunf ish (16 percent) , lake chubsucker (14 percent) , and pirate perch 
(10 percent). Noticeably absent were species generally associated with 
fast-flowing water (i.e., darters). 

Seventeen species of fish totaling 99 individuals were collected on March 29, 
1984. Species composition was dominated by yellowf in shiner (42 percent) and 
sunf ish (15 percent ) * Although there was a reduction in the total number of 
fish collected between September and March, the species composition remained 
nearly the same , indicating some degree of stability for the fauna. 

One othsr location on Pen uranch exhibited relative auundance and species 
composition similar to those of the other streams surveyed. On March 26, 
1984, 145 individuals representing 16 species were collected (Table C-6 ) . 
The most abundant species were the yellowf in shiner (40 percent) , sunf ish 
(16.5 percent), and madtom (13.8 percent). 
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Figure C-4, Fisheries Sampling Sites in SRP Creeks 
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Table C-6. Number of Fish Collected in SRP Streams, September 1983 - April 1984 : 



I 











Location b 












. 


Nonthermal 




Post-thermal 




Thermal 






Species 


MB 
Sept. 


MB SC 1 
Mar, 17 Sept. 


SC 1 

Mar, 10 


SC 2 PB 1 

Mar, 14 Apr, 2 


PB 2 
Sept. 


PB 2 
Mar. 29 


PB 3 
Sept. 


PB 3 
Mar. 26 



American eel 3 (1.0) c 6 (1-5) 7 {2.6) 9 (3,1) 1 (13.1) 2 (1,0) 2 {2.0} 2 (0.8) 

Pirate perch 15 (5,2) 20 (4.9) 8 (10.5) 23 (11.9) 8 (8.1) 9 (3.7) 11 (7.6) 

Creek chubsucker 1 (1,3) 3 (1.6) 2 (2,0) 6 (2.5) 2 (1.4) 

Lake chubsucker 3 (1.0) 2 (0.5) 1 (0.7) 2 (0.7) 2 (0.7) 11 (14.5) 1 (0,5) 1 (1.0) 

Northern hogsucker 3 (1.0) 5 (1.2) 9 (6.1) 25 (9.3) 

Banded pygmy sunfish 1 (0.3) 

Bluespotted sunfish 1 (0.2) 

Warmouth 1 (0.3) 

Dollar sunfish 2 (0.7) 12 (15.8) 1 (0.5) 

Mud sunfish 2 (0.7) 23 (30.3) 2 (1.0) 2 (2.0) 

Redbreast sunfish 19 (6.5) 15 (3.7) 19 (12.8) 25 (9.3) 6 (2.1) 1 (1.3) 9 (4.7) 5 (5,1) 16 (6.6) 17 (11.7) 

Spotted sunfish 16 (5.5) 13 (3.3) 1 (0.7) 1 (0.4) 11 (3.8) 14 (7.3) 8 (8.1) 14 (5.8) 7 (4.8) 

Flier 1 (0.3) 

Largemouth bass 2 (0.7) 1 (0.3) 1 (0.4) 

Unknown shiner 1 (0.3) 16 (8,3) 11 (4,6) 

Creek chub 1 (0.4) 

Bluehead chub 24 (8.2) 29 (7.2) 24 (16.2) 27 (10.0) 1 (0,3) 11 (5.7) 7 (7.1) 18 (7.5) 3 (2.1) 

Pugnose shiner 1 (0.3) 

Coastal shiner 36 (12.3) 

Dusky shiner 154 {52.7} 3 {3.0) 

Vellowfin shiner 167 (57.4) 251 (62.6) 79 (53.4) 141 (52.2) 27 (9.2) 84 (43.5) 42 (42.4) 138 (57,3) 58 (40.0) 

Lined topminnow 1 (0.3) 1 (0.7) 

Mosquitofish 2 (0.7) 1 (0.3) 



Table C-6. Number of Fish Collected in SRP Streams, September 1983 - April 1984 a (continued) 





Species 


















Location 6 
















Nonthermal 






Post- 


-thermal 








Thermal 








MB 
Sept. 


MB 

Mar. 17 


SC 1 
Sept. 


SC 
Mar 


1 

■. 10 


SC 2 
Mar. 14 


PB 1 

Apr. 2 


PB 2 

Sept. 




PB 2 
Mar. 29 


PB 3 
Sept. 


PB 3 
Mar. 26 


o 
1 

ro 
o 


Redfin pickerel 
Chain pickerel 
Yellow bullhead 

n ._ l.,11LaiJ 

d ruwn u\j j 1 1 itrau 

Flat bullhead 
Speckled madtom 
Margined madtom 
Tadpole madtom 
Tessellated darter 
Savannah darter 
Sawcheek darter 
Blackbanded darter 

Number of f i sh 
Number of species 




6 (2.1) 

1 (0.3) 

2 (0,7) 
6 (2.1) 
5 (1.7) 

12 (4.1) 
4 (1.4) 

?qi 

18 


3 (0.7) 

6 (1.5) 

9 (2.2) 
12 (2.9) 

19 (4.7) 
6 (1.5) 

4 (0.9) 
401 

16 


2 (1.4) 

8 (5.4) 

2 (1.4) 

3 f2.0) 

148 
10 


15 
17 

2 

1 

4 

270 

14 


(5.6) 
(6.3) 
(0,1) 

(0.4) 
(1-5) 


3 
1 
2 

15 

12 

1 

3 

292 

23 


(1.0) 
(0.3) 
(0,7) 

(5.1) 

(4,1) 

(0.3) 
d-v) 


2 (2.6) 

4 (5.3) 
13 (17.1) 


15 (7, 
6 (3. 
4 (2. 
2 (1. 


■ 8) 

■ 1) 
.1) 
.0) 


3 (3.0) 

2 (2.0) 

3 (3.0) 
1 (1,0) 
1 (1.0) 

5 (5.1) 
1 (1.0) 

4 (4.0) 

99 
17 


1 (0.4) 

4 (1-7) 
9 (3.7) 
9 (3.7) 

1 (0.4) 

2 ((Lfii 

241 
lb 


1 (0.7) 
4 (2.8) 

6 (4.1) 

7 (4.8) 
11 (7,6) 

2 (1.4) 

1 (0.7) 
7 (4.8) 

...7 (4.9) 




76 
10 


193 
.15 




145 
16 




a. Source: Du Pont, 1985, 

b. Location Codes: MB = Meyers Branch 

SC 1 = Steel Creek at Road B 

SC 2 = Steel Creek at Cypress Bridge 

PB 1 = Pen Branch above Road C 

PB 2 = Pen Branch at Road C 

PB 3 = Pen Branch at Road B 























c. Percent composition in parentheses. 



Movement of fish into the channels of thermal creeks (Pen Branch and Four Mile 
Creek) during reactor outages is directly related to the duration of a reactor 
outage. Thirty species of fish were collected in thermal creeks; 24 species 
were common to both Pen Branch and Four Mile Creek, Centrarchids were the 
fish collected most commonly, accounting for 47 percent and 45 percent of the 
fish collected from Pen Branch and Four Mile Creek, respectively. Other domi- 
nant taxa included the lake chubsucker (16-26 percent), the golden shiner 
(11^12 percent), and the longnose gar (1-14 percent). 

However, samples collected from Four Mile Creek above the delta during a 
50-day reactor shutdown in February 1984 were dominated exclusively by 
mosquitofish (Du Pont, 1985). 

In general, fewer adult fish and a reduced species composition were noted from 
thermal streams than from post-thermal or nonthermal streams (Table C-6). The 
adult fish communities of the thermal streams above the outfalls were domi- 
nated by small fish (i*e., shiners and sunfish). However, during reactor 
shutdowns , the thermal streams below the outfall were dominated by mosquito- 
fish* Post- thermal areas exhibited the greatest species diversity and 
reflected species composition typical of small headwater streams. 

Ichthyopiankton of SRP Streams 

Ichthyoplankton were sampled at 5 nonthermal, 16 post-thermal, and 14 thermal 
sites in SRP streams from mid-March through July 1984 (Paller et al., 1984)* 
Nonthermal sites included three locations on Upper Three Runs Creek and two 
locations on Meyers Branch. Post- thermal sampling sites included three 
locations in Lower Three Runs Creek and 13 stations in Steel Creek • Three 
thermal streams, Beaver Dam Creek, Four Mile Creek, and Pen Branch, were 
sampled. 

Nonthermal Streams - Ichthyoplankton abundance in the nonthermal stream-swamp 
area during 1984 was dominated by centrarchids (sunfish) , catostomids 
(suckers), and percids (darters) (Table C-7). The spotted sucker was the most 
abundant species (55 percent ) in the upper reaches of Upper Three Runs Creek, 
while crappie (21 percent) were the most prevalent species at the creek 
mouth* Ichthyoplankton densities were moderate to low (mean = 42 per 1000 
cubic meters ) at all stations * Meyers Branch was dominated by sunfish or bass 
(45 percent) and darters (30 percent) * Densities were relatively low at the 
station near the mouth (18-67 per 1000 cubic meters) , suggesting very little 
ichthyopiankton transport into Steel Creek from the upper reaches of Meyers 
Branch, which exhibited densities of 23 to 183 per 1000 cubic meters* The 
greater densities in the upper part of Meyers Branch might be related to more 
suitable spawning habitat* Several beaver dams in this area might provide 
good habitat for centrarchid spawning. 

P os t -The r ma 1 St r earns - During 1984, a total of 2785 ichthyoplankters were 
collected from Steel Creek and Lower Three Runs Creek (Table C-7 ) * Relative 
abundance was much higher than that found in the nonthermal or thermal streams 

Generally i densities at swamp and creek mouth stations were substantially 
higher than at creek stations upstream from the swamp. The most dominant taxa 
during all collections were centrarchids (sunfish and bass , 28 percent) , 
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Table C-7. 



o 
I 

N3 



Number and Relative Abundance of Ichthyoplankton Collected 
of the Savannah River Plant March 14 - June 3, 1984 



from Nonthermal , Post-Thermal and Thermal Creeks 



Taxa 



American shad 

Gizzard or threadfin shad 

Blueback herring 

Unidentified shad or herring 

Spotted -sucker 

Unidentified suckers 

Pi rate perch 

Sunfish and/or bass 

Crappie 

Yellow perch 

Darters 

Mudmi nnows 

Swampfish 

Mi nnows 

Carp 

Pi ckerel 

Topmi nnow 

Mosquitofish 

Si 1 versi de 

L|nj0e_njj f Table ichthyoplankton 

Total 

Grand total 

Number of locations sampled 



Nonthermal 



UTR 



MB 



12 

4 

3 

118( 

3 



44i 



(5.6) c 

(1.9) 
(1.4) 
55.1) 
(1.4) 

(1.4) 
20.6) 
(0.9) 
(4.2) 



(4.2) 
(0.9) 



3(2.0) 

4(2.7) 
66(44,9) 

44(29.9) 

14(9.5) 



214 



1(0./) 
15(10.2) 

147 



361 



Onsite creeks b 



SC 



13(0.9) 
12(0.9) 
65(4.7) 
14(1.0) 
14(1.0) 
57(4.1) 
41(3-0) 

387(28.1) 
34(2.5) 
12(0.9) 

167(12.1) 

5(0.4) 

10(0.7) 

356(25.8) 

K0-1) 



162(11.7) 



379 



13 



Post-thermal 



Thermal 



SCM8 



2(4.1) 
13(26,5) 



33(67.3) 



H2.0 
49 
2785 
3 



LTR 



BDC 



FMC 



23(1.7) 

20(K5) 

16(1.2) 

3(0-2) 

15(1.1) 

626(46.1) 

266(19.6) 

29(2.1) 

158(11.6) 



16(1.2) 



1(0.1) 



1(0.5) 
19(8.6) 
9(4.1) 
3(1.4) 
4(1-8) 

3{K4) 

84(37.9) 

25(11.3) 

1(0.5) 

20(9.0) 



15(6-8) 
1(0-5} 



•ft f 1 



' 1 






V } 



161(11.9) 29(12,6 ) 



1357 



222 



16(7.9) 

21(10. 3) 

4(2.0) 



65(32.0) 
5(2.5} 

1(0.5) 



14(6.9) 
3(1.5) 



Ofl / 1 -3 CM 
t_u\ i j . y ; 

45(22.2) 
203 
463 
6 



PB 



4(10.5) 
1(2.6) 

10(26.3) 

1(2,6) 
10(26,3) 



1(2,6) 
3(7.9) 

2LL31 



38 



b'. Kejr^UTR^pe/Three'RCns Creek; MB^Meyers Branch; SC^Steel Creek; SCMB^Steel Creek above Meyers Branch; LTR^Lower Three 

Runs Creek; BDC=Beaver Dam Creek; FMC=Four Mile Creek; PB^Pen Branch, 
c. Percent composition in parenthesis. 



minnows (25 percent), and darters (12 percent)- Blueback herring (4 percent) 
were abundant in the creek mouths during April, The mean ichthyoplankton 
uensity was 175 per 1000 cubic meters during the March— to- June sampling period - 

The predominant taxa collected from Lower Three Runs Greek were sunf ish or 
bass (46 percent), crappie (20 percent), and darters (12 percent). The high 
densities collected in Lower Three Runs Greek were a result of samples col- 
lected immediately downstream of the Par Fond Dam (mean density = 1062 per 
1000 cubic meters); they represent intense spawning activity in this tailwater 
area in combination with larval production in Par Pond that might have 
overflowed into the tailwater. 

Thermal Streams - The D-Area effluent entering Beaver Dam Creek is 
considerably cooler than the reactor effluent (70°C) entering the other 
thermal creeks. Temperature data collected as part of the ichthyoplankton 
sampling program during 1984 indicated that the upper reaches of Beaver Dam 
Creek (Road A-12) averaged 20° to 25°C, while Four Mile Greek near Road 
A-13 averaged 30° to 45 °C during the April-through-May sampling period. 
Temperatures decreased in Beaver Dam Creek from Road A-12 to ' the lowermost 
swamp station due to the gradual cooling of the water as it progressed down- 
stream* However, temperatures increased at the mouth, probably due to an 
influx of heated water from Four Mile Creek through a channel connecting the 
lower reaches of Four Mile and Beaver Dam Creeks* 

Ichthyoplankton densities in thermal streams ranged from total absence to very 
low abundance* Ichthyoplankton collected in the reactor streams between the 
outfalls and the swamp are believed to represent individuals that were trans- 
ported into the streams from adjacent refugia, including nonthermal tributary 
streams, during periods of high river flow. These refugia appear to support 
self-sustaining (i.e. , reproducing) populations of fish* In addition, 
ichthyoplankton abundance in thermal portions of the Savannah P.iver swam 1-1 
appears to be quite variable and strongly influenced by water levels in the 
Savannah River* It is also possible that the thermally impacted areas are 
utilized for spawning during high river flows* when flow patterns for the 
heated water are altered drastically. 

A total of 463 ichthyoplankters was collected from the three thermal streams 
[Beaver Dam Creek (222), Four Mile Creek (203), and Pen Branch (38)] during 
the March-to-June 1984 sampling period (Table C-7). Sunf ish or bass dominated 
the catch at both Beaver Dam Creek (38 percent) and Four Mile Creek 
(32 percent) while minnows (10 percent) and darters (10 percent) were dominant 
at Pen Branch. Beaver Dam Creek exhibited greater ichthyoplankton density and 
species diversity than the other thermal streams , but it did not produce the 
density of ichthyoplankton expected (considering the level of thermal loading 
observed was not much greater than in the more productive areas of the 
post-thermal Steel Creek delta)* 

C-Reactor did not operate during most of March 1984; therefore , mean 
temperatures in Four Mile Creek were only 5° to 10°C above Savannah River 

the thermal delta during March, but were found in low densities in the swamp 
and creek mouth. Blueback herring were the most dominant in the delta while 
brook silversides were most dominant in the creek mouth* 
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C-Reactor was operating during April and May 1984; it produced temperatures in 
Four Mile Creek ranging from 33*9° to 50*1°C at Road A, and from 30, 1° 
to 44*8°C at Road A-13. As expected* Four Mile Creek produced very little 
ichthyoplankton in its upper reaches (the area above Road A) with the 
exception of brook silverside and unidentifiable eggs; these eggs probably 
drifted into the channel of the creek from adjacent refuge areas* Temper- 
atures in the heated swamp were lower and much more variable (18° to 42°C) 
due to the alteration of water flow patterns during river flooding. The 
extreme temperature variability in the heated swamp was due to the inter- 
mittent intrusion of relatively cool river water into the swamp during periods 
of high river level (Figure C-5)* The river water displaced the thermal plume 
and created suitable habitat for fish in areas that had been thermally unsuit- 
able - Mos t of the larvae collected from the swamp during April and May 
apparently were spawned during periods of high river level when the swamp was 
inundated with river water. Some larvae were collected when the temperatures 
were high during April ; however, these might have drifted into the thermal 
swamp from adjacent cool-water refuge areas* 

Few ichthyoplankton (38) were collected from Pen Branch during the 
March-to-June 1984 sampling period. Ichthyoplankton were either absent from 
the samples or present in low densities* The dominant species in the delta 
was the mosquitof ish. This species is more tolerant of high temperatures than 
most, with an ultimate maximum temperature of 37. 3°C (Hart, 1952) . Most 
individuals were found in somewhat cooler refuge areas along the shoreline of 
the main thermal channel* Darters and minnows dominated the catch from above 
the reactor discharge area. 

Researchers observed that , generally, ichthyoplankton densities at swamp and 
creek mouth stations were substantially higher than at creek stations upstream 
from the swamp* Sampling in the vicinity of the post-thermal Steel Creek 
delta revealed that spawning activity differs substantially in the different 
microhabitats available in that area. The deep-water, open-canopy areas were 
clearly the most productive for ichthyoplankton, with centrarchids (sunf ish 
and bass ) , cyprinids (minnows ), and percids (darters) dominating the 
collections* Although clupeids (herring and shad) were collected in the 
delta /swamp areas » the numbers were much lower than the numbers observed at 
creek mouth stations . Generally, it appears that anadromous species make 
minimal use of swamp areas for spawning and restrict spawning activities to 
creek mouth areas. 

Ichthyoplankton densities in thermal streams were low. Ichthyoplankton 
collected in the reactor streams between the outfalls and the swamp are 
believed to represent individuals that were transported into the streams from 
adjacent refugia*, including nonthermal tributary streams. These ref ugia 
appear to support self-sustaining (i *e* , reproducing) populations of fish. 
Ichthyoplankton that are transported into the reactor effluent streams when 
reactors are operating are undoubtedly killed* 

Ichthyoplankton abundances in thermal portions of the Savannah River swamp are 
quite variable and appear to be strongly influenced by water levels in the 
Savannah River . During periods of high river flow, ichthyoplankton appear to 
be transported into the thermally impacted portions of the swamp from adjacent 
unimpacted areas* It is also possible that the thermally impacted areas are 
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Figure C-5. A Comparison of the Ichthyoplankton Density in the Four Mile Creek 
Delta with Water Temperature and Savannah River Level 
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utilized for spawning during high river flows, because flow patterns for the 
heated water are drastically altered during such periods, 

Ichthyoplankton densities in Beaver Dam Creek are lower than expected consid- 
ering the low degree of thermal enrichment* Factors other than temperature 
probably are influencing fish spawning activities in this area of the swamp- 
Adult Fish of the Savannah River Swamp System 

The Savannah River Swamp System (SRSS) represents a very heterogeneous system 
of habitats supporting a diverse fish community of 60 to 65 species . Most 
species are resident; however, seven are either anadromous or catadromous. 
Anadromous (migrating from saltwater to freshwater to spawn) species include 
blueback herring, American shad, hickory shad, striped mullet, mountain 
mullet, and Atlantic needlefish* The only catadromous (migrating from fresh- 
water to saltwater to spawn) species is the American eel. Several recrea- 
tionally and commercially important species have been collected in the swamp; 
thus, the SRSS could be an important spawning habitat and nursery grounds for 
these species- This section summarizes the data collected on the adult fish 
community in the swamp system from October 1983 to April 1984 (Du Pont, 1985). 

Adult fish were collected at three areas in the swamp: the Steel Creek delta; 
the Four Mile Creek delta, and a channel near Pen Branch (near Stave Island). 

More than 1500 fish representing 40 species were collected from the swamp. 
The high species diversity was due to the wide array of habitat types avail- 
able. The Steel Creek delta sample consisted of 32 species, of which brook 
silversides, various shiners, and largemouth bass dominated all catches* 

Species diversity at stations in the delta-swamp area of Pen Branch were 
similar - 21 species dominated by brook silversides and various shiners. 

Four Mile Creek stations differed among themselves and also from the other 
three delta-swamp stations- Fifteen species of fish were collected; gizzard 
shad and largemouth bass were the dominant species. Compared to the other 
stations, minnows were poorly represented at this station. 

Researchers captured 149 migratory fish. The dominant species were longnose 
gar (48 percent), blueback herring (23 percent), channel catfish (10 percent), 
and various shad (12 percent). Researchers first observed blueback herring 
during the first week of March, while American shad did not appear until the 
last week of March. Conversations with local fishermen suggest that American 
shad were more numerous than blueback herring or hickory shad during 1984, and 
that a major run of blueback herring did not occur in Steel Creek. 

Several trends are evident concerning the structure of fish communities within 
the SRSS. It appears that the increased species composition and the dominance 
by centrarchids and cyprinids are attributed to the diversity of microhabitats 
in the area. The swamp system is composed of extensive open water channels 
and fiiacrophyte beds of various size. Centrarchids ^uass anu sufliisiw an u 
various suckers dominated the areas with extensive cover while minnows and 
brook silverside were most prevalent in the shallow open-water areas beneath 
the closed canopy. The swamp areas below the thermal streams were lower in 
habitat diversity and species composition. 
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Fis hes of the Savannah River 

The following introductory information was obtained from DOE 
cites the primary source documents containing the data. 



(1987) which 



Streams of the southeastern Atlantic Coastal Plain generally contain a diverse 
fish fauna. One hundred six fish species have been reported from the Savannah 
River drainage basin; seventy-one species of anadromous and fresh water fish 
are known to occur in the river in the SRP vicinity. 

The Savannah River supports both recreational and commercial fisheries- Bream 
and largemouth bass are the species most sought after by sport fishermen in 
freshwater sections of the river downstream of the New Savannah Bluff Lock and 
Dam. Channel catfish are taken by both sport and commercial fishermen. 
Anadromous species of importance in the Savannah River include American shad 
(Alosa sapidissima ), hickory shad (Alosa mediocris ) , Atlantic sturgeon 
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striped bass ( Mojrpne saxatilis ) » Both shortnose sturgeon and striped bass are 

protected from commercial harvest, and the shortnose sturgeon is listed as an 

endangered species. The catadromous American eel ( Anguilla rostrata ) is 

harvested commercially in some sections of the river. 

Several identifiable factors potentially affect the productivity of Savannah 
River fish populations. Two areas of the lower Savannah River have been 
identified where water quality is substantially degraded because of wastewater 
input: below the New Savannah Bluff Lock and Dam from Butler Creek to 
downstream of Spirit Creek and in the Savannah Harbor area. Potential 
contributors to declining anadromous fish stocks include dams and impound- 
ments, inadequate f ishway facilities , reduction in spawning habitat, reduction 
in nursery areas , dredge and fill projects, poor food availability, and the 
location, type and magnitude of effluents into the Savannah River. 

The species composition and relative abundance of Savannah River fish in the 
vicinity of the SRP were examined during 1982-1985 (ECS, 1983; Paller et al., 
1984; Paller and Osteen, 1985; Paller and Saul, 1986). Collections were made 
along transects in the Savannah River and in the 1G and 3G intake canals using 
both elect rof ishing and hoop-netting techniques. Savannah River collections 
from four transects near the SRP intakes between RM 152* 2 and 157* 3 were 
analyzed for this evaluation. Collections were made quarterly from March 1982 
to September 1985. 

Scientific and common names of fish collected or known to occur in the 

Savannah River near SRP are presented in Table C-8* The dominant species 

collected in the Savannah River and the SRP intake canals during 1982-85 are 

presented in Table C-9* Other SDecies comDrisine less than one Dercent nf 
*■ _ *- ~~j. ^ ... — ___._ t ______ _ 

reported catches for either location or sampling gear are presented in 

Table C-10. 

Adult Fishes of the Savannah River and Creek Mouths 

This section summarizes the results of adult fish collections at 12 locations 
in the Savannah River, the intake canals , and the lower mouths of the five 
major SRP creeks . The data cover the sampling period from October 1982 to 
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Table C-8- Scientific and Common Names of Fish Collected or Known 

To Occur in the Savannah River Near the SRP 



Order 



Family 



Species 



Common Name 



Acipenseriformes Acipenseridae Acipenser oxyrhynchus 



Atlantic 
sturgeon 



Acipenser brevirostrum 



Shortnose 
sturgeon 



Semionotiformes Lepisosteidae Lepisosteus osseus 



Longnose gar 



Lepisosteus platyrhincus Florida gar 
Lepisosteus oculatus Spotted gar 



Amiif orms 



Amiidae 



Amia calva 



Bowf in 






-i 1 1 i f nvmar 






A-no-n -i 1 "la rrtflfrat-a 



Ampr-i ran rp1 



Clupeiformes 



Clupeidae 



Alosa aestivalis 



Blueback herring 



BB-3 



Alosa sapidissima 



Dorosoma cepedianum 



American shad 



Gizzard shad 



Alosa mediocris 



Hickory shad 



Do ro soma petenense 



Threadfin shad 



Salmon! formes 



Umbridae 
Esocidae 



Umbra 



Esox niger 



Eastern mudminnow 



Chain pickerel 



Esox americanus 



Redfin pickerel 
Grass pickerel 



oyprinirormes 



^yprimaae 



tjyprinus carpio 



Carp 



Hybognathus nuchalis Silvery minnow 



Hybopsis rubrif rons 



Rosyface chub 



No com is leptocephalus Bluehead chub 
Notemigonus crysoleucas Golden shiner 



No tr op is chalybaeus 



Ironcolor shiner 



Notropis cummingsae Dusky shiner 
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Table C-8- Scientific and Common Names of Fish Collected or Known 
To Occur in the Savannah River Near the SRP (continued) 



Order 



Family 



Species 



Common Name 



Cypriniformes 



Cyprinidae 
(cont , ) 



Notropis emiliae 
Notropis hudsonius 



Pugnose minnow 
Spottail shiner 



Notropis hypselopterus Sailfin shiner 



Notropis leedsi 



Bannerf in shiner 
Ohoopee shiner 



JMotropis lutipinnis 



Yellowtin shiner 



Notropis macula t us 



Tail light shiner 



Notropis petersoni 



Coastal shiner 



Notropis niveus 



Whitefin shiner 



Catostomidae Carpiode__s cy^rinu s 



E rimy z on oblongus 



Quillback 



carr>sucke 



Creek chubsucker 



BB-3 



Erimyzon sucetta 



Lake chubsucker 



Minytrema melanops 



Spotted sucker 



Moxostoma anisurum 



Silver redhorse 



Cyprinidontif ormes Cyprinodontidae 



Unid* killif ish 



Siluriformes 



Ictaluridae 



Ictalurus brunneus 



Snail bullhead 



Ictalurus catus 



White catfish 



— TctaTuru's natal is' 



Yellow bullhead 



Ictalurus nebulosus 



Brown bullhead 



Ictalurus platycephalus Flat bullhead 



Ictalurus punctatus 



Channe 1 catfish 



Noturus gyrinus 



Tadpole madtom 



Noturus ins ignis 



Margined madtom 
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Table C-8. Scientific and Common Names of Fish Collected or Known 

To Occur in the Savannah River Near the SRP (continued) 



Order 



Family 



Species 



Common Name 



Siluriformes 



Ictaluridae 
(cont. ) 



Noturus leptacanthus 



Speckled madtom 



Pylodicitis olivaris Flathead catfish 



Percopsiformes 



Amblyopsidae Chologaster cornuta 



Swamp f ish 



Aphredoderidae Aphredpderus say anus Pirate perch 



Atherinif ormes 



Belonidae 



Strongylura marina 



Atlantic needlefish 



uyprinoaontiaae runamus uneoiaius 



unea topminnov 



Fundulus chrysotus 



Golden topminnow 



Fundulus notti 



Starhead 
topminnow 



Poeciliidae 



Gambus ia af f ini s 



Mosquitof ish 



BB-1 



Atherinidae 



Ladidesthes sicculus 



Brook silverside 



Perciformes 



Percichthyidae Mo rone chrysops 



White bass 



Mo rone saxatilis 



Striped bass 



Centrarchidae Acantharchus pomotis Mud sunfish 

Centrarchus macropterus Flier 



tiassoma zonacum 



uanaea pygmy 

sunfish 



Enneacanthus chaetodon Blackbanded 

sunfish 

Enneacanthus gloriosus Bluespotted 

sunfish 



Lepomis auritus 



Redbreast 
sunfish 



Lepomis cyanellus 



Green sunfish 



Lepomis gibbosus 



Fumpkinseed 



Lepomis gulosus 



Warmouth 
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Table C-8. Scientific and Common Names of Fish Collected or Known 
To Occur in the Savannah River Near the SRP (continued) 



Order 



Perciformes 



Family 



Species 



Common Name 



Centrarchidae 
(cont. ) 



Percidae 



Lepomis macrochirus 
Lepomis marginatus 



Bluegill 



Dollar sunfish 



Lepomis micro lophus Redear sunfish 



Lepomis punctatus 



Spotted sunfish 



Micropterus s a Imp ides Largemouth bass 



Micropterus coosae 



Tomoxis annularis 



X UUIUA15 llj.ftl UUlctCUldLUi) 



Etheostoma fricksium 



Redeye bass 
White crappie 



Black crappie 



Savannah darter 



Etheostoma fusiforme Swamp darter 



Etheostoma hopkinsi 



Christmas darter 



Etheostoma inscriptum Turquoise darter 



Etheostoma olmstedi 



Tessellated darter 



BB-3 



Etheostoma serriferum Sawcheeker darter 



Mugilidae 
Agonidae 
Gobiidae 
Pleuronectif ormes Soleidae 



a. Source: DOE, 1987* 



Perca flavescens 



Yellow perch 



Percina nigrofasciata Blackbanded darter 



Percina caprodes 

M ugil cephalus 



Logperch 
Striped mullet 



Agonostomos monticola Mountain mullet 



Awaous tajasica 



Trinectes macula t us 



River goby 
Hogchoker 
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Table C-9. 



Percent Composition of Abundant 9 Fish Species Collected 
in the Savannah River and SRP Intake Canals, 1982-85 c 



Savannah River 



Intake Canals 



Taxa 



Flier 

Redbreast sunfish 
Bluegill 
Spotted sunfish 
Waxtnouth 
Pumpkinseed 
Redear sunfish 
Dollar sunfish 
Eluespotted sunfish 
Largemouth bass 
Black crappie 
Yellow perch 
BB-3 Bowfin 

Blueback herring 
American shad 
Gizzard shad 
Threadfin shad 
Spotted sucker 
Lined topminnov? 
Pirate perch 
Chain pickerel 
Grass pickerel 
Longnose gar 
White catfish 
Flat bullhead 
Brown bullhead 
Channel catfish 
Brook silverside 
Striped mullet 
American eel 
Other species 



Electro- 


Hoop 


Electro- 


Hoop 


Fishing 


Netting 


Fishing 


Netting 


Percent 


Percent 


Percent 


Percent 


0.30 


1.21 


0.09 


1.55 


26.73 


7.09 


10.04 


12.69 


8.44 


4.32 


24.07 


19.95 


5.22 


0.86 


1.83 


1.55 


1.25 


1,04 


0.85 


0.26 


0.17 


0.35 


2.30 


1.04 


L.63 


0.95 


4.13 


1.81 


2.74 


0.00 


8.38 


0.26 


0.98 


0.00 


2.34 


0.00 


7.69 


0.00 


6.04 


0.00 


2.07 


4.75 


0.89 


27.20 


1.08 


0.00 


6.47 


0.78 


3.83 


1.04 


1.91 


1.04 


1.73 


0.17 


0.51 


0.00 


1.25 


0.26 


0.00 


0.00 


2.44 


0.86 


2.76 


2.59 


1.96 


0.00 


0.94 


0.00 


11.21 


0.78 


5.23 


3.37 


0.00 


0.00 


1.20 


0.00 


1.49 


0.00 


0.47 


0.00 


3.29 


0.00 


10.97 


0.26 


1.08 


0.00 


1.70 


0.00 


0.81 


2.51 


0.26 


0.52 


0.07 


8.47 


0.00 


0.26 


0.24 


31.98 


0.04 


11.92 


0.00 


1.47 


0.00 


0.00 


0.41 


24.29 


0.09 


8.55 


1.29 


0.00 


0.94 


0.00 


1.42 


0.00 


2.00 


0.00 


3.32 


3.11 


0.13 


2.33 


5.86 


4.49 


3.42 


2.07 



a. 



b. 



c. 



Species comprising greater than one percent of collections for either 

sampling method or location. 

Scientific and common names of Savannah River fish species are presented in 

Table C-8, 

Source: DOE, 1987. 
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Table C-10. 



Fish Species a Collected in Low Abundance 5 in 

the Savannah River or SRP Intake Canals, 1 982-85 c 



Mud sunfish 
Redeye bass 
White crappie 
Striped bass 
White bass 
Hybrid bass 
Tesselated darter 
Logperch 

Blackbanded darter 
Lake chubsucker 
Chub sucker 
Highfin carpsucker 
Silver redhorse 
Quillback carpsucker 



Eastern silvery minnow 
Ohoopee shiner 
Notropis spp. 
Unidentified minnow 
Golden shiner 
Hogchoker 
Redfin pickerel 
Esox spp* 
Spotted gar 
Florida gar 
Snail bullhead 
Speckled madtom 
Eas tern nnidminnow 
Mosquitof ish 



a. 



b. 



c* 



Scientific and common names of Savannah River fish species 

are presented in Table C-8. 

Less than one percent of collections for any sampling 

method or location identified in Table G-9 . 

Source: DOE, 1987. 
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August 1983, and are based on studies conducted by Environmental and Chemical 
Sciences, Inc.* under contract to E. I. du Pont de Nemours and Company (Paller 
et al. , 1984). 

Researchers collected nearly 10,000 adult fish representing 66 species in the 
river, the intake canals, and the lower reaches of the major SRP creeks during 
the sampling period* 

The electrof ishing collections (Table C-ll) indicated that sunf ishes, 
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while bowf in and spotted sucker were among the most abundant large species 
during most or all of the year. Flat bullhead and channel catfish were 
important species, as indicated by hoop net collections , comprising 32 to 
63 percent of the catch* Largemouth bass never comprised less than 
7-9 percent of the electrof ishing samples during any collection period. Other 
important species were American eel , white catfish, longnose gar, striped 
mullet, silver redhorse, chain pickerel, and quillback carpsucker. 

Species composition varied due to seasonal changes in fish movement and 
activity (e *g, , spawning) . The most conspicuous change was a decrease in the 
relative abundance of sunfish during January (Table C-ll ) . Bowf in, spotted 
sucker, flat bullhead, and channel catfish were more abundant during January* 
The greatest number of species was captured during May (37) , possibly because 
of migratory movements or seasonal changes in activity related to spawning. 
Recruitment of young of the year might have increased the relative abundance 
of some species during August. 
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Table C-n. 



Percent Composition by Number and Weight of Fishes Collected 
Quantitatively by Electrof ishing in the Savannah River and Creek 
Mouths, October 1982 - August 1983 a 



1982 



1983 



October 



January 



May 



August 



Taxa 



Mo. 



wt 



No. 



Wt 



No. 



Wt 



NO. 



Wt 



Bowf in 
American eel 
Blueback herring 
American shad 
Gizzard shad 
Threadfin shad 
Quillback carpsucker 
Spotted sucker 
Silver redhorse 
Unidentified redhorse 
Golden shiner 
Flier 

Bluespotted sunfish 
Redbreast sunf *ish 
Pumpkinseed 
Warmouth 
Bluegill 
Dollar sunfish 
Redear sunfish 
Spotted sunfish 
Largemouth bass 
White crappie 
Black crappie 
Striped mul let 
White bass 
Striped bass 
Yellow perch 
Pirate perch 
Redfin pickerel 
Chain pickerel 
Mudminnow 
Longnose gar 
Florida gar 
White catfish 
Brown bullhead 
Flat bullhead 
Channel catfish 
Carp 
Hogchoker 

Total percent 

Total number 



Total wt. 

a. Source: Ou Pont, 1985 



ikal 



13.6 


53.3 


15.1 


37.9 


2.4 


20.6 


4,3 


36.4 


3.6 


1 .3 


0-3 


0.3 


1 ,2 


1 ,4 


2.4 


1 .7 


2.4 


0.1 


0.0 


0.0 


0.3 


0.2 


0,0 


0.0 


0.0 


0.0 


o.o 


0.0 


0.1 


0.2 


0.0 


0.1 


1.9 


1.6 


4.5 


1 .6 


2.1 


1 .7 


1 .5 


1,7 


0.0 


0.0 


2.3 


0.1 


3.3 


0.5 


0.8 


0.0 


0.0 


0.0 


o.o 


o.o 


0.3 


9.2 


0.3 


7.0 


13.5 


26.5 


22.7 


32,0 


6.9 


26.0 


5.3 


18.7 


0.9 


2.2 


i.4 


2.3 


2. 1 


9,6 


1 .0 


4. 2 


0.0 


0.0 


o.o 


0.0 


0.1 


0.1 


0.0 


0.0 


0.0 


0.0 


0.3 


0.1 


0.5 


0.1 


0.4 


0.0 


o.o 


o.o 


0.9 


0.1 


0.3 


0.1 


0.0 


0,0 


0.0 


0.0 


0.0 


o.o 


5.7 


0.1 


0,7 


0.0 


22.4 


1.9 


7.1 


0.5 


13.9 


4.0 


22.7 


4.1 


0.0 


0-0 


0.3 


0.1 


0.6 


0.1 


1.8 


0.2 


1.2 


o.i 


o.o 


0.0 


1.8 


0.4 


1 .2 


0,2 


11 .2 


0,5 


2.6 


0.2 


5,5 


1 .0 


9,0 


1 .2 


1.4 


0.0 


o.o 


0.0 


4.8 


0.2 


7.3 


0.3 


3,3 


0.8 


7.7 


2.4 


3.6 


1 .9 


2.7 


1.9 


7.1 


0.9 


4.8 


0.2 


9.3 


1 .3 


9.3 


1.2 


7.9 


4.0 


8.5 


3.9 


9.8 


7.8 


9.0 


4.9 


0.7 


0.1 


0.3 


0.1 


0.1 


0.1 


0.0 


0.0 


0.7 


o.i 


3.7 


0.7 


2,0 


0,6 


1.1 


0.5 


1,5 


1.5 


1,1 


0.4 


2.4 


4.3 


6.7 


9.3 


0.0 


0.0 


0,0 


0.0 


0.0 


0.1 


0.0 


0.0 


0.0 


o.o 


0,0 


0.0 


0.0 


0.1 


0.0 


0.0 


2,0 


0.4 


2.0 


0.2 


2.7 


0.9 


2.1 


0.6 


0,9 


0,1 


0.0 


0.0 


0.9 


0.1 


2.1 


0.0 


0.7 


o.i 


5.4 


0.1 


3.4 


0,2 


1,6 


0.1 


1.3 


0.2 


3.4 


1 .2 


11-2 


2.1 


3.7 


1,7 


0.0 


0.0 


0.0 


0.0 


0.1 


0.1 


0,0 


0.0 


0.5 


0.4 


4.0 


2.8 


1 .7 


3.8 


0.9 


1 .1 


0,0 


0.0 


0.0 


0.0 


0.4 


0.5 


0.0 


0.0 


ft n 

W - V 


ft n 


a n 


A ft 
u . V 


fi i 

V . 1 


V , 1 


ft ft 

u ■ v 


ft ft 

1/ . u 


0.0 


o.o 


0.0 


0.0 


0.1 


0,1 


0.0 


0.0 


0.0 


0.0 


0.3 


0.1 


0.2 


0.1 


0.1 


0.2 


0.2 


0-8 


0.0 


0.0 


0.3 


0.6 


1, 1 


2,4 


0.3 


3.2 


1.4 


13.1 


0.0 


0.0 


0.0 


0.0 


. Q.& 


g.i 


O.Q 


Q.0 


0.1 


0.1 


-JUZ 


o,,i 


100.0 


99.9 


100.1 


99.9 


99,9 


100,0 


99,8 


99.7 


1628 


- 


352 




2365 




2175 






670.1 




248.1 




468.2 




..505-3 
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The sampling stations were located in four basic habitat types: the river 
proper, intake canals, the mouths of thermal creeks (Four Mile and Beaver Dam 





anu 










Runs , 


Luwer 


■T*l_ 

mree 


Creeks) . 



















Runs , and Steel 



In general, bluegill, black crappie, and chain pickerel were more abundant in 
the intake canals than in the other habitats, probably due to their preference 
for slow-moving water and weed beds . Redbreast sunf ish were generally most 
abundant in the river and bowfin in the ambient creeks, especially Steel 
Creek, Four Mile Creek attracted numerous gar, bowfin, and gizzard shad 
during January, but was largely devoid of fishes during the other months * 
Channel catfish and various bullheads clearly dominated the hoopnet collec- 
tions at all stations and seasons, probably due to gear selectivity. During 
the study period, the mean weekly water temperature of the thermal creeks was 
14 C; it was 7°C in ambient creeks during the January sampling period. 
Largemouth bass and sunfishes dominated May catches at both thermal and 
ambient creek stations, although only 46 fish were collected in thermal creeks 
compared to 244 in ambient creeks- During May, the mean temperature was 
31°C in the thermal creeks and 19.2°C in ambient creeks. Very few fish 
were collected from the thermal creeks during October or August (4 and 24, 
respectively)* The mean temperature of the thermal creeks during the sampling 
periods was 27.7°C in October and 32°C in August; it was 15*G°C and 
23 C, respectively, during the same months in ambient creeks. 

Although the researchers did not sample small fishes and minnows quantita- 
tively, they documented species occurrence and distribution* Species abun- 
dance was consistently less in the intake canals than in the river; mosquito- 
fish, brook silvers ides, and lined topminnows were the most abundant in the 
canals. Small fish were absent from the mouths of Four Mile Creek and very 
scarce in Beaver Dam Creek during May and August* The low number of minnow 
species and small fish collected in these creeks paralleled the large fish 
collections and are probably the result of high temperatures during May and 
August (24.5°C to 41*2°C), 

Researchers used the number of fish collected quantitatively with electro- 
fishing to estimate the relative density (number of fish per 100 meters of 
shoreline) (Du Pont, 1985)* The relative densities of fishes in the 1G and 3G 
intake canals (0*5 to 8*4 per 100 meters) were equivalent to the relative 
density in the river; however, the average weight of fish in the intake canals 
was approximately 40 percent lower than that in the river because of the 
predominance of bluegill and other smali sunfishes* The seasonal relative 
abundances in the intake canals were comparable to those in the river* 

Relative densities and seasonal trends in the mouths of the ambient temper- 
ature creeks were similar to those in the river, with low densities in January 
(0*3 to 0*5 per 100 meters) and higher densities in the other months 
(Table C-12) , In contrast, the relative density in thermally influenced Four 
Mile Creek peaked during January (5*9 per 100 meters) at levels greater than 
those at the other transects (0,2 to 2.9 per 100 meters); this indicates a 

winfprH mp ^ffrrrpfypi 1. 1 nn nf Fieh^c; -in M-n= h^af^H w-a i-^y c uh i ^K x^^^^ -ac m^u *~ 

7°C warmer than ambient river temperatures. Fish avoided Four Mile Creek 
during May, August, and October because of the excessively high water 
temperatures (29° - 41°C compared to 16° - 25°C in ambient creeks). 
Densities in Beaver Dam Creek during May and August (2,8 and 1*3 per 100 
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Table C-12. 



Mean Relative Density of Fishes (No./lOO m of Shoreline) at tlectrof ishing 
Sample Sites in the Savannah River, Intake Canals, and Tributary Creeks, 
October 1982 - August I983 a 



1982 



1983 



October 



January 



May 



August 



Location 



Total Mean no./ Total Mean no,/ Total Mean no./ Total Mean no./ 
fish 100 m fish 100 m fish 100 m fish 100 m 



RIVER TRANSECTS 



RM 


12S 


9 


RM 


129 


1 


RM 


137 


.1 


RM 


141 


5 


RM 


141 


7 


RM 


150 


4 


RM 


150 


8 


RM 


152 


.0 


RM 


152 


,2 


RM 


155 


.2 


RM 


157 


-0 


RM 


157 


,3 



123 


5.1 


189 


7.9 


189 


7.9 


167 


7.0 


133 


5.5 


143 


6.0 


123 


5.1 


161 


6.8 



22 


0.9 


36 


1 .5 


70 


2.9 


52 


2,2 


15 


0.6 


13 


0.5 


4 


0.2 


42 


1 .8 



168 


7.0 


252 


10.5 


70 


2.9 


133 


5.5 


131 


5.5 


189 


7.9 


155 


6.5 


191 


8,0 


114 


4.8 


122 


5.1 


70 


2.9 


118 


4.9 



83 
120 
12S 
137 
145 
146 
133 

81 

87 
115 

87 
155 



3.5 

5.0 

5.3 

5.7 

6.0 

6.1 

5.5 

3.4 

3,6 

4.8 

3,6 

6,5 



INTAKE CANALS 



1G RM 157.1 


144 


6.0 


35 


1,5 


161 


6.7 


148 


6.2 


3G RM 155,3 


121 


5.0 


11 


0.5 


201 


8.4 


199 


8.3 



Lower Three Runs 
Steel 
Four Mile 
Beaver Dam 



I Innpr 



Dune 



69 
4 



8.6 

0.7 

c n 



3 
47 



CREEKS 



0.5 
5.9 

n i 



73 


6.1 


97 


8.1 


12 


1.0 


34 


2.8 


74 


fi. i 



51 


5,4 


101 


8.4 


8 


0.7 


16 


1 .2 


235 


19,6 



a. Source: Du Pont. 1985. 

b. (-) locations not sampled 
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meters, respectively) were higher than in Four Mile Creek, but considerably 
lower than those in ambient creeks or river stations. Temperatures in Beaver 
Dam Creek were 5° to 7°C above ambient river temperatures, but were not as 
high as those in Four Mile Creek. 

Researchers determined the approximate distances between the capture and 
recapture sites for 68 fish that were tagged in the river, canals, and creeks 
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tured within 15 days at or near the point of tagging, indicating limited 
short-term movements . However, tag returns by fishermen indicated that some 
fish undertook extensive migrations (as far as 55 miles ) upstream or down- 
stream from the tagging location over a period of weeks or months. 

Ichthyoplankton Abundance in the Savannah River 

The abundance of ichthyoplankton is one measure of the reproductive success of 
fishes; concentrations of ichthyoplankton can indicate important spawning 
sites, identify impacted and control areas, and provide information for 
entrainment and impingement losses. 



Recent studies on ichthyoplankton of the mid- and lower reaches of the 
Savannah River began in 1982 and ended in 1985 (ECS, 1983; Paller et al. , 
1984; Paller, O'Hara, and Osteen, 1985; Paller, Saul, and Osteen, 1986). The 
1982 studies were restricted in scope, and included seven river transects 
between RM 141,5 and RM 157.3 and SRP intake canals 1G and 3G (Figure C-6, 
Table C-13). The 1983 and 1984 studies included 26 river transects between RM 
i.7.j ciuu ju'i lo/ti, ciuu Liie lwo intake canais. ine lvqd study was sugnciy 
truncated, and included 21 river transects between RM 89*3 and RM 187.1 and 
the two intake canals* Sampling in 1982 was conducted on alternate weeks from 
March through August, while in subsequent years, sampling was conducted weekly 
from February through July. This consideration of entrainment at the SRP will 
emphasize ichthyoplankton collections in the vicinity of the SRP intake canals 
during 1983-1985* 



The ichthyoplankton assemblage in the Savannah River consists of a variety of 
species which differ in recreational, economic and ecoloeical imoortance. 
Among the most abundant ichthyoplankton taxa in the Savannah River are gizzard 
and/or threadf in shad, American shad, blueback herring, sunf ishes, crappie, 
minnows and suckers (Table C-14). Generally, the clupeids (including anad- 
romous American shad and blueback herring, and resident gizzard and threadfin 
shad) dominated collections in the Savannah River during 1983-1985* The blue- 
back herring, while somewhat less abundant, is another anadromous species used 
for commercial purposes in some coastal areas. Some species, such as the 
largemouth bass and other centrarchids, were comparatively abundant as adults 
in the Savannah River, but scarce in the ichthyoplankton collections because 
their eggs and larvae reside in sheltered areas where they are unlikely to 
become entrained in currents and carried into open water. Such species are 
less susceptible to SRP entrainment impacts- than those that produce drifting 
eggs and larvae. 
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All clupeid taxa exhibited considerable variation in abundance among years . 
American shad eggs and larvae increased in relative abundance from 1,4 percent 
to 50.7 percent of collections between 1983 and 1985. Concurrently, blueback 
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Figure C-6. Map of the Savannah River Showing the Location of the Savannah River Plant, 
Lower Farfield, Nearfield, and Upper Farfield Sections of the River 
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Table C-13. 



Summary of Sampling Locations and Sampling Times for the 
Savannah River Ichthyoplankton Program 3 



Year 



River Mile 



1982 



1983 



1984 



1985 



Upper Farfield 



187 


.1 


176 


.0 


166 


.6 


TLT £ * .1 4 

itearrieia 


157 


.3 


157 


.l b 


157 


.0 


155 


.4 


155 


,3 b 


155 


.2 


152 


.2 


152 


.0 


150 


.8 


150 


.4 


145 


.7 


141 


7 


141. 


5 


137. 


7 


129. 


1 


128. 


9 



X 
X 
X 



X 
X 
X 



X 

X 
X 
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X 
X 
X 
X 
X 
X 



X 

X 



X 



X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X 
X 
X 
X 

X 



X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X 
X 
X 

X 

X 



X 

X 
X 
X 
X 
X 
X 
y 
X 
X 
X 
X 
X 
X 
X 
X 



Lower Farfield 



120.0 










X 


X 


X 


110.0 










X 


X 


X 


97,5 










X 


X 


X 


89.3 










X 


X 


X 


79.9 










X 


X 




69.9 










X 


X 




60.0 










X 


X 




50*2 










Y 

£ k 


Y 




40.2 










X 


X 




29,6 










X 


X 




Duration 








March 


February 


February 


February 










-Augus t 


-July 


-July 


-July 


Frequency 








Biweekly 


Weekly 


Weekly 


Weekly 


a. Source: 


DOE, 


1987. 










b. SRP Intake 


Canals 
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Table C-14. 



Percent Composition of Fish Eggs and Larvae Collected 
in the Savannah River, 1983-85 a 



Taxa 



1983 



198A 



1985 



A T"n rt **■ -i ^^<m C h il i"1 


1*4 


Blueback herring 


12.1 


Gizzard and/or 




threadfin shad 


19.9 


Unid. clupeid 


6.7 


Striped bass 


0.2 


Spotted sucker 


5-0 


Unid, sucker 


0.8 


Pirate perch 


8*0 


Yellow perch 


3.5 


Darter 


2.6 


Sunf ish 




(Lepomis) 


2.1 


Unid* sunf ish 


1.1 


Crappie 


16.6 


Mudminnow 


<0.1 


Swampf ish 


<0.1 


Minnow (Cyprinid) 


14.0 


Carp 


3*6 


Mncnin* hnf i ch 


<0 = 1 


Topminnow 




Needlefish 


<0.1 


Silverside 


0.2 


Catfish and/or 




bullhead 


0.1 


Pickerel 


0.3 


Sturgeon 


<0.1 


Gar 


<Q.l 


Unidentified 


1.7 



14. 


.0 


4. 


.5 


10. 


,8 


7. 


.6 


3. 


.0 


4. 


,3 


0. 


,7 


0. 


3 


1. 


.1 


2. 


.7 


6. 


,9 


4. 


,0 


13. 


.5 


<0. 


.1 


<0. 


-1 


13. 


,5 


3. 


,2 


<0 = 


, 1 


<0, 


.1 


0, 


.1 


0. 


.2 


<0, 


.1 


0. 


.1 


<0. 


.1 


<0, 


.1 


9. 


.8 



Total numbers 



36,941 



18,267 



50.7 
2.2 

9.9 
3.3 
5.4 
8.1 
0.4 
0.1 
0.2 
0.7 

0.7 
0.3 
0.3 
0.0 

<0.1 

3.7 

4.6 

<0.1 

<0.1 

<0.1 

0.1 

0.1 
<0.1 
0.1 
0.0 
9.2 

22,698 



a. 
b. 
c. 
d. 



Source: DOE, 1987. 

Based on 26 transects between RM 29.6 and 187.1. 

Does not include intake canals. 

Based on 21 transects between RM 89.3 and 187.1. 



herrino- rlcrrsijiQorl f 



T-f^Tn 



^ o i 



£"-*■ — — **- 



flQR^ tn 9 



n ercent (1985) of collec- 



tions . Gizzard and/or threadfin 
decline in blueback herring. 



shad relative abundance paralleled the 



Some of the decline in the relative abundance of blueback herring from 1984 to 
1985 could be attributable to the reduction of sampling effort in the lower 
reaches of the Savannah River, because this section of the river appears to be 
a major spawning area for the species (Table C-15a). However, the decrease in 
density from 1983 through 1985 was also observed in the mid-reaches of the 
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Table C-lSa. 



Mean Ichthyoplankton Densities 
Transects During February-July 



(No./TOOO 
1983. a 



m 3 ) at Savannah River 



River 
mile 



American 
shad 



Blueback 
herring 



Striped 
bass 



Other 
shad b 



Minnows 



Sunfish Crappie 



Total 
Ichthyo- 
plankton 



L-UWtK rrtKT itLU 



29.6 


S.3 


n .7 


2.7 


8,3 


4.8 


1.5 


13.6 


67.8 


40.0 


4.5 


16.1 


1.4 


17.2 


6.1 


1.1 


15.6 


89.2 


SO. 2 


6.4 


20.8 


0.5 


21,3 


12,1 


1,9 


21 .0 


118.1 


60.0 


7.1 


32.4 


5.1 


18.7 


11 .8 


3.4 


26.3 


144.0 


69.9 


4.7 


19.7 


0.5 


20. 1 


6.1 


2.0 


12.1 


87,2 


79.9 


4.5 


26.9 


0.8 


40.7 


6,3 


2.0 


16.9 


124.9 


89.3 


7.6 


32.7 


2.3 


59.2 


9.0 


2.4 


25.4 


171 ,5 


97.5 


12.3 


39.2 


1 .1 


54, 1 


10.9 


2,6 


29.8 


191 .1 


no,o 


18-3 


13.4 


1.3 


15.7 


17.7 


2.5 


2J.7 


136.6 


120.0 


8.2 


8.6 


11 .3 


7.7 

NEARFIELD 


12.8 


3.0 


16.4 


98.7 


128.9 


5.4 


5.9 


0.7 


5.4 


14.9 


4.7 


16.3 


34.4 


129.1 


6.9 


5.8 


4.1 


5.3 


18.1 


4,2 


16,2 


95.2 


137.7 


10.0 


3.8 


0.1 


3.7 


22.3 


7.5 


15.5 


105.1 


141 .5 


6.8 


4.2 


0.0 


4.2 


14.7 


9,7 


13.7 


102.2 


141 .7 


12.1 


4.0 


0.0 


4,9 


12.2 


10.1 


14.9 


110.2 


150.4 


8.7 


2.5 


I .3 


4.3 


T2,9 


T.7 


5.S 


54.0 


150.3 


8.9 


3.6 


0.1 


4.9 


11,1 


0.9 


7.8 


53.2 


152.0 


7.8 


1 .9 


2.4 


6.9 


12.1 


1.7 


5.9 


62.1 


152.2 


10.5 


2.5 


10.2 


8.0 


14.7 


1.1 


6.1 


90.3 


155.2 


11.9 


1.9 


5.1 


9.5 


12.2 


0.3 


4.3 


65.4 


1 tC T d 

■ WW . w 


n a 


c c 

U.J 


n n 

V » V 


IT 1 
J J . 1 


c a 
<j ■ j 


1 1 
1 « 1 




7C O 
/ u ■ u 


155.4 


10.5 


2.6 


5.9 


11 .9 


19.2 


0.2 


6.0 


82.3 


157.0 


12.9 


2.9 


0.0 


8.7 


8.3 


0.5 


6.1 


61 .5 


157. 1 d 


1.0 


7.9 


0.1 


23.7 


4.4 


1 ,9 


11.9 


71 .5 


157.3 


17.8 


1 .7 


0.0 


9.6 


12.1 


1 .0 


5.4 


73.6 



BB-3 



UPPER FARFIELD 



166.6 25.6 




2.4 


6.3 


24.7 


11.8 


2.0 


3,7 


96.6 


176.0 8.9 




1,3 


0.1 


12.8 


11,7 


1.0 


2.9 


52.5 


187.1 1.6 




0.3 


0.0 


25.2 


4.9 


0.9 


0,7 


47.7 


a. Source: DOE, 1987. 


















b. Gizzard and/or threadf 


in shad. 














c. Totals include taxa 


sh 


own plus 


taxa not 


shown. 










d. Intake canals. 
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river (Tables C-15b and C-15c), and is more likely related to variations in 
spawning stock abundance or the availability of spawning sites. Low river 
water levels , especially during the 1985 spawning season, likely reduced 
access to swamp and backwater spawning sites used by blueback herring (Paller 
et al-» 1986)* The sharp increase in American shad ichthyoplankton abundance 
from 1983 to 1985 may be related to variations in spawning stock abundance. 

Striped bass spawning in the upper reaches of the Savannah River had not been 
documented prior to 1982 (ECS, 1982). Dudley et al. (1977) reported that 
striped bass spawning was restricted to the lower reaches of the river and 
McFarlane et al . (1978) collected no striped bass ichthyoplankton during their 
sampling in 1977, However, striped bass eggs and/or larvae were collected 
during each year of the Comprehens ive Cooling Water Study ^ Table C-14 j , and 
the highest densities occurred between approximately RM 166 to RM 120 during 
1983-1985 (Tables C-15a, C-15b and C-15c). Although total striped bass 
ichthyoplankton abundance was substantially lower than found for American 
shad, striped bass showed a similar trend in abundance with a substantial 
increase from 1983 to 1985. 

Ichthyoplankton relative abundance and densities for many of the abundant 
resident fish taxa (e.g., gizzard and/or threadfin shad, pirate perch, crappie 
and minnows) declined from 1983 to 1985 (Tables C-14, C-15a, C^15b, and 
C-15c) * Suckers exhibited a slight increase and sunf ish ichthyoplankton 
relative abundance was somewhat higher in 1984 than in either 1983 or 1985* 

Sturgeon larvae were collected from the Savannah River in the vicinity of the 
SRP during 1982* Examination of these specimens indicated that both Atlantic 
sturgeon and the endangered shortnose sturgeon were present (Table C-16). 
Both sturgeon species have been collected in all subsequent years . Although 
total sturgeon larvae collections (number of specimens) were highest in 1982, 
sampling intensity was lowest (Table C-13). Generally, it appears that both 
species spawn upstream or near the SRF and that shortnose sturgeon spawn 
earlier and at cooler water temperature than Atlantic sturgeon. 

Atlantic and shortnose sturgeon are demersal in nature* Consequently, most 
larvae were collected in samples near the river bottom. The National Marine 
Fisheries Service had previously concurred with DOE ' s determination that the 
population of shortnose sturgeon in the Savannah River would not be adversely 
affected by SRP operations (Oravetz, 1983). 

Ichthyoplankton Abundance in the Mouths of Savannah River Tributaries - 
Twenty-seven creeks, ranging from small intermittent streams to major tribu- 
taries, were sampled for ichthyoplankton from February through July 1983. 
Five of these creeks - Beaver Dam Creek, Upper and Lower Three Runs Creeks, 
Four Mile Creek, and Steel Creek - drain portions of the Savannah River 
Plant. Researchers collected 5714 larvae and 1423 eggs from all the streams 
during 1983 (Table C-17). 

Streams accounted for 8.8 and 14,4 percent of the fish eggs and larvae, 
respectively, Ninety^four percent of all eggs collected were from Spirit 
Creek (1230) and Steel Creek (103) (Table C-17), The high number of fish eggs 
collected at Spirit Creek were threadfin or gizzard shad, taken during May and 
June . Clupeids were the numerically dominant taxa in all streams ; however, 
crappie, centrarchids, and yellow perch were also important. 
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Table C-15b, 


Mean Ichthyoplankton 


Densities 


(NO./1000 


m 3 } at 


Savannah River 








Transects 


During 


Feb 


ruary-July 


1984. a 






























Total 


River 


American 


Blueback 


Striped 


Other 










Ichthyo- 


mile 


shad 


herring 


bass 




shad* 


Minnows 


Sunf ish 


Crappie 


plankton c 










LOWER FARFIELD 












29.6 


1.2 


0.7 


0.0 




2, 1 


1.0 


8.3 




5.5 


24.5 


40.0 


1.3 


0.8 


0.0 




2.8 


0.9 


9.1 




8.4 


30.8 


SO. 2 


1.7 


0,9 


0.0 




3,2 


2,7 


12.6 




4.8 


32.5 


60.0 


T.3 


2.4 


0.0 




4.4 


1.9 


6,1 




10.3 


33.0 


69.9 


0.3 


0.9 


0.0 




3.9 


3.1 


3,2 




5,3 


24.2 


79,9 


1.5 


2,6 


0.0 




4,2 


2.3 


1.8 




4.1 


25.2 


89.3 


3.8 


1 .6 


0.6 




4.7 


4.3 


2.5 




3,9 


30.2 


97,5 


6.2 


4,1 


0.7 




11.3 


3.1 


4.0 




5. 1 


44.8 


110.0 


10,5 


1.3 


1.6 




1 .1 


5.2 


4.6 




3.9 


35.8 


120.0 


5.6 


1,7 


4.1 




2.5 


5.8 


3.2 




3.6 


34.9 










NEARFIELD 












128.9 


3.6 


0.9 


3.7 




2.1 


6.6 


3.4 




3.1 


32.3 


129.1 


5.2 


0.9 


3.1 




1 .3 


7.8 


5.1 




2.8 


34.3 


137.7 


8.0 


1 .1 


6.4 




1 .7 


9,6 


6,4 




4.1 


49.0 


141.5 


7.4 


2.2 


3.4 




2.1 


13.6 


10,0 




6.7 


57.1 


141.7 


11.2 


1 ,0 


14.3 




2.5 


12.1 


10.4 




6,4 


67.6 


150.4 


2,8 


3.1 


6.7 




,3.8 


5,2 


2.7 




6.0 


41 .4 


150.8 


5.8 


2.9 


5.2 




4.5 


4.8 


1.7 




5.8 


39.7 


152.0 


5.8 


1.6 


2,1 




4.8 


4,4 


1.5 




6.4 


34.7 


152.2 


9.8 


1 .1 


2.8 




3.5 


5.1 


0.9 




4.5 


38.6 


155.2 


5.6 


1.9 


6,1 




3.7 


3,8 


0.6 




4.9 


35.5 


i r r id 


** -. 


r j- 


^ ^ 




— _ , 


*> . 










IDD , J 


V.£ 


O.O 


\ .0 




4,y 


J.Q 


0.8 




w.v 


43. T 


155.4 


4.0 


1.1 


6.1 




3.8 


4.2 


1.0 




5.9 


36.8 


157.0 


9.9 


1.5 


4.0 




3,5 


4.& 


1.9 




6.1 


45.3 


157. l d 


0.2 


4.6 


1 .4 




S.2 


2.4 


1.9 




10.1 


42.5 


157.3 


11.8 


2.6 


3.2 




4,0 


6.5 


1 .7 




4.6 


47.4 



BB-3 



UPPER FARFIELD 



166.6 


3.3 




2.5 


0.0 


8.2 


5.6 


0.4 


1 .1 


28.7 


176.0 


4.0 




0.8 


0.0 


7.0 


6.1 


1 .1 


0.3 


26,2 


187.1 


3.6 




0.2 


0.1 


4.0 


5.7 


0.9 


0.4 


23.6 


a. Source: 


DOE. 1987. 
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Table C-15c, 



Mean Ichthyoplankton Densities (No./IOOO m 3 ) at Savannah River 
Transects During February-July 1985. a 



BB-3 



River 
mile 



89,3 

97.5 

110.0 

120.0 



128.9 

129.1 

U7.7 

141.5 

141.7 

145,7 

150.4 

150.8 

152.0 

152.2 

155.2 

155.3^ 

155.4 

157.0 

157. l d 

157.3 



166.6 

176.0 
187.1 



American 
shad 



Slue back 
herring 



47.4 
26.6 
39.6 
35.3 



41 .7 
31-3 
34.1 
30.0 
54.6 
63.2 
22.0 
12.6 
10.6 
14.2 
18.2 

0.3 
19.3 
24.6 

0.8 
36.0 



59-4 

15.7 

3.3 



0.9 
1 .7 
0.6 

0.3 



1.4 
0.8 
1,8 
1.4 
0.9 
0.7 
1 .0 
1,9 
K4 
2.2 
2.6 
0,9 
0.8 
0.4 
1 .1 
0.5 



3.2 
2.4 
2.8 



Striped 
bass 



Other 
shad b 



Minnows 



Sunf ish 



Crappie 



2.0 
1.2 
1.5 
1,3 



5.3 
6,3 
0.4 
0.1 
0.5 
0.6 
2.4 
0.3 
3.7 
3.3 
16.0 
2.5 



13 


2 



10.7 
0.1 
0.1 



LOWER FARFIELD 

2.2 
4.7 
1 .2 
1.7 

NEARFIELD 

2.2 
1.9 
2.9 
3,4 
3.7 




1 

2 
6 
1 



7.0 
4.8 
3.8 
3.0 
3.8 

UPPER FARFIELD 

22.3 
27.2 
22.7 



2.5 
1.6 
3.2 
2.2 



4.1 

2.9 

1 .9 

1.5 

1.8 

1.6 

0.8 

1.0 

1.6 

2.0 

1.0 

1.0 

1.6 

1.7 

0.7 

1.6 



2.5 
4.5 
5.4 



1 .4 

0.2 
0.2 
0.7 



1.0 
1.4 
1 ,4 
1.1 
1 .8 
1,5 
0.2 
0.1 
0.1 
0.1 
0.0 
0.1 
0.1 
0.2 
0.2 
0.2 



0.2 
0.4 
0.6 



0.1 

0.1 
0.1 
0.4 



2 
2 
1 
1 
3 
5 
3 

,1 
,1 
2 
2 



0.0 
0.1 
0,1 
0.2 



0.1 
0.2 

0.4 



Total 
Ichthyo- 
plankton 



67.8 
44,1 
55.6 
51 .7 



64.2 

54.7 
55,2 
50.9 
83.2 
84.3 
44.7 
31 .8 
28,7 
43.1 
67,1 
30.7 
57.0 
47.5 
22.2 
81 .6 



149.3 
70.9 
53.6 



nnr 



1 QOT 



Gizzard and/or threadfin shad. 

Totals include taxa shown plus taxa not shown 

Intake canals. 
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Table C- 


16. Larval Sturgeon Coll 


ected From the Savannah River During 


1982, 1983, 


1984, 


and 


1985 a 








7982 












1983 


















River 


River 












River 


River 


Col lection 


Ri ver 


Sample 




temp. 


Elev. 


Collection 


River 


Sample 






temp. 


elev. 


date 


mi 1e 


location^ 


Identity c 


(°C) 


(ft) d 


date 


mil e 


location 5 


Identi 


ty c 


(°C> 


(ft) d 


3/12 


157.3 


CT 


Sh 


12.5 


85.9 


3/09 


79.9 


WB 


Sh 




16.0 


94.9 


3/26 


157.3 


CB 


Sh 


13.2 


84.2 


3/22 


155.4 


CB 


Sh 




12.5 


91.9 


4/21 


150.8 


CB 


Atl 


17.8 


83.5 


3/22 


157. l e 


WT 


Sh 




11.5 


92.5 


4/22 


155.2 


EB 


Atl 


15.2 


86.3 


3/22 


155. 3 e 


ET 


Sh 




11.5 


92.5 


4/22 


155,2 


ET 


Atl 


15,2 


86.3 


3/22 


155.2 


ET 


Sh 




11.3 


92.5 


4/22 


155.2 


EB 


Atl 


15.2 


86.3 


3/23 


97.5 


WT 


Sh 




12.6 


92.5 


4/22 


157,0 


we 


Atl 


15.2 


86.3 


3/29 


155.2 


CT 


Atl 




12.5 


90.6 


4/22 


157.0 


EB 


Atl 


15.3 


86.3 


4/26 


129.1 


CB 


Atl 




14.4 


94.0 


5/21 


155.4 


CB 


Atl 


20.3 


83.2 


5/03 


157.0 


WB 


Atl 




18.1 


86.5 


5/21 


155.4 


CB 


Atl 


20.3 


83.2 


5/10 


155,4 


CB 


Atl 




17.5 


84.5 


5/21 


157.0 


CB 


Atl 


20.2 


83.2 


5/17 


150.4 


EB 


Atl 




22.5 


84.3 


5/21 


157.3 


CT 


Atl 


20.2 


83.2 


5/18 


69,9 


EB 


Atl 




21.5 


84.6 


5/21 


157.3 


CB 


Atl 


20.2 


83.2 


6/14 


150.8 


CB 


Atl 




20.5 


83.8 


8/21 


157.3 


CT 


Atl 


21.0 


84.7 




















1984 












1985 


















River 


River 












River 


River 


Col 1 ecti on 


River 


Sample 




temp. 


Elev. 


Col lecti on 


River 


Sample 






temp. 


elev. 


date 


mi le 


location" 


Identi ty c 


(°C) 


(ft) d 


date 


mi le 


location* 5 


Identi 


ty c 


(°C) 


(ft) d 


3/28 


120.0 


EB 


Sh 


15.0 


89.3 


3/19 


155.4 


WB 


Sh 




12.0 


83.6 


4/04 


110.0 


CB 


Sh 


15,5 


88.6 


3/26 


166.6 


EB 


Sh 




12.8 


83.3 


4/23 


176.0 


WB 


Atl 


14.0 


92.9 


4/09 


157.3 


EB 


Atl 




14.1 


83.3 


4/24 


152.0 


C8 


Atl 


14.5 


93.3 


4/16 


141.7 


EB 


Atl 




16.5 


83.3 


5/02 


176.0 


WB 


Atl 


15.8 


94.5 


4/16 


157.0 


WB 


Atl 




16.0 


83.3 


5/23 


110.0 


WB 


Atl 


20,5 


86.6 


4/24 


120.0 


CB 


Atl 




20.5 


84.1 


5/29 


157.0 


WB 


Atl 


20.4 


86.1 


4/30 


176.0 


WT 


Atl 




18.6 


82.8 


5/29 


152.2 


WB 


Atl 


20,5 


86.1 
















5/29 


152.2 


EB 


Atl 


20.5 


86.1 
















a. Source 


DOE, 1987. 






















b. Samples were taken in mid-channel (C), near the 


South Carolina bank 


(E) , and 


near the Georgia 


ban 


k (W); 


samples 


were a" 


so taken 


near the top 


(T) and near the bottom (B) 


of the wate 


r column. 












c. Sh = shortnose 


sturgeon; Atl 


= Atlantic 


sturgeon. 
















d. River elevation 


at Jackson, 


>c. 




















e. Intake 


canal . 
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Table C-17. Ichthyoplankton Abundance in 27 Savannah River Tributaries Located Between RM 30 and 187.2. February - July 1983' 



O 
I 



Creek, RM 



Mean 


Number 








discharge 


dates 


Larvae 


Eggs 


Taxa 


(■r/sec) 


sampled 


collected 


collected 


collected 



Collin, 30.0 

Meyers, 35,4 
Coleman Lake, 40.3 

Lockners, 43.2 
Ebenezer, 44.8 
Seines Landing, 47,7 
Plank, 51.1 

Lake Parachuchia, 64.2 
Black, 78.4 

Pike, 84.1 

Ware, 88.6 

Buck, 92-6 

Briar 97.6 

The Gaul, 109.0 
Smi th Lake, 126.5 
Lower Three Runs, 129.0 
Sweetwater, 133.5 
Lower Boggy Gut, 141,3 
Steel, 141.6 
Four Mile, ISO. 6 
Beaver Dam, 152,1 
Upper Three Runs, 157.2 

Upper Boggy Gut, 162.2 
McBean, 164.2 
Hollow, 176.1 
Spirit (183.3) 
Butler, 187.2 



195.5 



22 



150.1 


16 


237.9 


22 


24.8 


20 


36.9 


23 


1.2 


11 


8,7 


6 


79.6 


18 


6,4 


4 


30.1 


17 


1 .4 


2 


28.1 


20 


86,4 


23 


6.7 


3 


48.5 


22 


2.7 


10 


33.4 


13 


4.2 


3 


26.2 


24 


4,1 


16 


8.3 


13 


15.8 


19 


9.5 


9 


5,1 


5 


14.5 


16 


8.6 


19 


13.3 


9 



238 

155 
309 

238 

502 

70 

86 

653 

5 

112 

50 

708 

760 

34 
329 

72 
102 

7 
518 

40 
138 

56 

32 

78 

107 

300 

15 




1 


5 
2 

9 
1 




13 
3 


5 

4 
1 
103 
7 
10 
5 

2 
1 

21 

1230 




14 

15 
13 

14 

15 

14 
8 

14 
4 

11 
7 

16 
15 

9 
14 
12 
14 

5 
14 
11 
10 
10 

9 

11 

13 

13 

4 



Mean ichthyo- 
plankton Maximum Date of 
density density maximum 
(no./lOOO m 3 )(no./l000 m*) density 



49 

42 
62 

126 
105 
194 
105 
263 
29 

77 
664 
383 
140 

75 
90 

187 
51 
17 

123 
50 
74 
25 

43 
93 
53 
157 
37 



225 

185 

266 

500 
802 
1145 
195 
738 
49 

377 
1093 
2669 

938 

100 
712 
1698 
194 
43 
507 
332 
320 
334 

116 

186 

229 

4412 

185 



Dominant taxa 
on date of 

max. density 



Number 1 - 1 

ichthyoplankton 
transported x 10" 



03/18 Blueback herring 
crappie 



180.2 



05/05 


Unidentified clupeid 


157.6 


03/18 


Blueback herring 
crappie 


341.9 




C..*£2 -L. 


si i 


U' / UQ 


OUUl 11H 


•j i . » 


03/18 


Crappie 


53.3 


05/12 


Yellow perch 


1.1 


06/30 


Other shad 


9.4 


03/24 


Blueback herring 


279,2 


03/17 


Blueback herring 
pirate perch 


3.4 


07/27 


Sunfish 


30,8 


05/25 


Carp 


4.5 


05/11 


Blueback herring 


185.3 


04/13 


Blueback herring 
unidentified clupeid 


220.7 


04/26 


Blueback herring 


1.3 


04/12 


Crappie 


148.1 


05/03 


Crappie 


2.1 


05/03 


Pirate perch 


19.9 


03/15 


Crappie 


0.1 


04/05 


Blueback herring 


77.2 


04/05 


Blueback herring 


2.7 


05/03 


Yellow perch 


7.4 


05/03 


Crappie, yellow 
perch 


2.4 


06/08 


Sunfish 


2.2 


07/07 


Other shad 


6.3 


03/22 


Crappie 


34.4 


06/02 


Other shad 


38.0 


05/12 


Minnow 


4.4 



Source: Du Pont, 1985 

Calculated as sum of ichthyoplankton density x creek discharge for each sampling data extrapolated to intervals between sampling dates. 



The number of ichthyoplankters transported from creek to river ranged from 
approximately 0*1 x 10 6 from Lower Boggy Gut to 342 x 10 6 from Coleman 
Lake (Table C-17). Steel Creek and Beaver Dam Creek accounted for 
77.2 x 10 and 7.5 x 10 6 ichthyoplankters, respectively, the greatest 
production of any of the SRP streams * Some creeks exhibited high densities 
but low transport numbers due to their low discharge rates. 

Considerably more fish spawning occurred in Four Mile Creek in 1983 than in 
1982, apparently due to unusually high river levels that reversed stream flow 
and lowered water temperatures enough to allow fish to enter the creek and 
from the transport of ichthyoplankton from nearby refuge areas into the creek 
when river levels receded. Centrarchids, blueback herring, and shad dominated 
the larval catch, Ichthyoplankton densities were low to moderate in March, 
peaked at 332 per 1000 cubic meters on April 4, and declined to zero by early 
June (Table C-17 ) . Larvae collected during May were taken at temperatures 
between 35° and 37°C and represent larvae transported from refuge spawning 
areas in the Four Mile Creek watershed. Although more ichthyoplankton were 
collected in 1983, similar medium-sized streams had higher densities and 
longer spawning periods * The mean temperature in these creeks was often as 
much as 15 °C lower than that in Four Mile Creek. Apparently, the elevated 
temperatures in this stream limited spawning. Transport of ichthyoplankton 
from Four Mile Creek was very low (2*7 x 10 ), ranking it as twenty-first of 
the 27 streams sampled (Table C-17). 

During sampling trips , researchers collected 138 fish larvae and 10 fish eggs 
on Beaver Dam Creek (Table C-17), Sunf ish, silversides, and yellow perch 
dominated species composition. Because of excessively high river levels , 
Beaver Dam Creek was not sampled during February, March, or most of April . 
Subsequent sampling indicated a peak density of 320 per 1000 cubic meters 
(primarily sunf ish) in early May, which declined to low densities by July. 
Similar-sized streams had higher densities, mainly because of high shad 
concentrations. Temperatures in Beaver Dam Creek were generally 3 U to 7"C 
higher than in similar-sized creeks . Although elevated temperatures might 
have reduced spawning later in the year in Beaver Dam Creek, the effect was 
not as pronounced as that in Four Mile Creek, The number of ichthyoplankters 
transported from Beaver Dam Creek (7.4 x 10 ) was equivalent to or greater 
than from other creeks that did not have large numbers of threadfin or gizzard 
shad. 

Effects of Cooling Water Intakes 

The once-through cooling water systems for C- and K-Reactors each withdraw 
about 11 cubic meters of water per second from the Savannah River through the 
1G and 3G pumphouses . An additional 1 cubic meter per second enters these 
intakes to provide makeup water for P-Area. The 5G pumphouse provides cooling 
water to the D-Area powerhouse at about 3 cubic meters per second. The 
current combined cooling water flow requirement for these facilities is about 
26 cubic meters per second. This withdrawal of river water could affect the 
fishes inhabiting areas on or adjacent to the Savannah River Plant in two ways: 

• Entrainment of fish eggs and larvae through the cooling water system 

• Impingement of larger fishes on the intake screens 
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Estimates of the impacts of entrainment and impingement are based on field 
TE data collected during past and present sampling programs performed in the SRP 
vicinity (Du Pont, 1985; Paller, O'Hara, and Osteen, 1985; Paller and Osteen, 
1985) . The following sections discuss the results of these investigations as 
summarized in DOE (1987). 

Entrainment - The entrainment of fish eggs and larvae (ichthyoplankton) at 

intake structures is affected by a variety of factors including overall 
ichthyoplankton abundance in waters adjacent to the intake and percentage of 
river water withdrawn. The total magnitude and species composition of 
entrainment can also be influenced by aspects of intake design, the spatial 
distribution of ichthyoplankton relative to the intakes , and fish species 
behavioral and life history characteristics* The ultimate result of 
entrainment-reiated mortality on fish population persistence depends on the 
magnitude of species-specific mortality rates and the population level 
responses of the species to this added source of mortality, 

Entrainment of ichthyoplankton into the SRP cooling water intake pumps removes 
them from the Savannah River population. Entrainment of ichthyoplankton is 
dependent on several factors including the density of organisms in the river, 
the amount of spawning in the intake canals, the volume of water withdrawn by 
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Three Runs Creek which enters the river immediately upstream of the 1G intake 
canal (Figure 2-1). 
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When fish larvae enter the intake canals from the river, they move from rapid 
currents to slow currents which may enable larger larvae to swim to protected 
shoreline areas. This behavior could reduce the mortality rate of larvae 
entrained from the river. However, there is evidence from the larval 
collections made during 1982 (ECS, 1983) that the intake canals are used as 
spawning sites by several species. Accordingly, loss of larvae for some 
species by entrainment may be greater than is indicated by the ichthyoplankton 
densities in the river water entering the canal . Consequently, larval 
entrainment at the 1G and 3G intakes was calculated using the larval density 
in the intake canals since these organisms are the ones most likely to be lost 
from the total Savannah River ichthyoplankton population, regardless of 
whether they were spawned in the canal or moved in on river currents. Larval 
densities in the Savannah River were used to calculate entrainment at the 5G 
intake because of the short length of this canal. 






TU .-. 1 i _ t « _ _ 



or entrainment or risti eggs trom the Savannah River into the 
three pumphouses was not as direct as the calculation of larval entrainment. 
Few eggs were actually collected in the canals. Generally, fish that spawn in 
freshwater have demersal rather than planktonic eggs. The only exceptions in 
the Savannah River drainage are the anadromous American shad and striped 
bass ■ The reduced current velocity in the intake canals allows the suspended 
eggs to settle out of the water column (McFarlane, 1982). Silt settles over 
these eggs and they die. The entrainment losses were calculated such that 
fish eggs that settle out of the water column and those actually entrained by 

L Q6 PUIflDS are Pi R RlimpH t n Tl£* 1 n«h . r^nCPnilPriM tr l-ho a i to r* -a pro a em ^o-no-il-T^ic? 

t. j. — — -*■•-, ^«»wu. "u i_iw .■- w u w * wuiiui.^«vjii vijr f Wki^ UV V^i-UgU ^ & & \J.WHi3-l-^*-l.l— t3 

used in the entrainment calculations were from the immediate upstream river 
transect. The egg densities for 3G and 5G are the same because they were 
calculated from the river transect immediately upstream of the 3G intake canal. 



C-48 



The density of eggs entering 1G canal was not calculated directly from the 
upstream river transect because a portion of the water entering 1G canal comes 
from Upper Three Runs Creek. The relative percent contribution of Upper Three 
Runs Creek and the river to the 1G intake canal water was estimated by meas- 
uring the sodium concentrations in the river upstream of the 1G canal, in 
Upper Three Runs Creek, and in the mixed water coming out of the pump- These 
percentages were multiplied by the density of eggs from each source to get an 
average density of fish eggs entering the 1G canal* 



To estimate total entrainment of ichthyoplankton during a spawning season, the 
daily entrainment rates were multiplied by the number of days between samples, 
generally a week, and summed* Annual entrainment is considered to be equal to 
that which occurs during the February- July spawning season. There is gener- 
ally very little ichthyoplankton in the river to be entrained from September 
to January. 

A minimum of 17 species of larval fishes were entrained at the three intake 
structures at the SRP during 1983 (Table C-18). Because larval fish are 
difficult to identify, there were probably unidentified species in these 
collections. The most abundant family of fish collected was Clupeidae, the 
herring family, which comprised 59 percent of the total ichthyoplankton 
entrainment * The single most abundant taxon was the genus Dor o soma (gizzard 
shad and threadfin shad), with 10.5 x 10 6 larvae (37.4 percent). Other 
abundant taxa were crappie , blueback herring and minnows , which represented 
14.1, 9*5 and 9.0 percent, respectively. 



Total larval 
calculated to 
were from the 
3G pumphouse 
(Table C-19). 



entrainment 

6 



lish 
be 28.0 x 10 
1G pumphouse, 

and 1.8 x 10 E 



for the SRP 
, of which 12.9 x 10 
13.2 x 10 6 larvae (47.3 percent) 
(6.5 percent) were from the 



from February- July 1983 was 

larvae (46*2 percent) 

were from the 

5G pumphouse 
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At least 17 taxa of larval fish were entrained at the SRP pumphouses during 
the 1984 spawning season (Table C-20). As in 1983, the most common family 
found in the entrainment samples was Clupeidae, the herring and shad family, 
which comprised 50 ^ercfent of the larval fish that were entrained. The single 
most abundant taxon was crappie with 4.3 x 10 6 larvae (24.5 percent). Other 
abundant taxa were unidentified clupeids , blueback herring, and other shad 
(gizzard and/or threadfin shad), which comprised 23.9, 13.2 and 12.7 percent 
of the total larvae entrained, respectively. Generally, there were no 
differences in the speqies composition among the three pumphouses . 

Total larval fish entrainment for the SRP from February to July 1984 was 
calculated to b^ 17.6 x 10 6 . The 1G pumphouse entrained 7.7 x 10 6 larvae 
(44 percent), 8.8 x 10 6 larvae (50.3 percent) were entrained at the 3G 
pumphouse and 1.0 x 10° larvae (5.6 percent) at the 5G pumphouse 

(Table C-19). 

At least 6 taxa of larvae were entrained at the SRP pumphouses in 1985 
(Table C-21). The most common larval fish entrained were suckers, which 
comprised 43 percent of the larval fish entrained. The single most abundant 
taxon was spotted sucker with a total of 4.6 x 10 6 larvae (42.7 percent) 
entrained at the^ three pumphouses. Other abundant taxa were gizzard and/or 
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Table C-18 



Estimated Number and Percent Composition of Larval Fish 
Entrained at 1G, 3G, and 5G Pumphouses » February- July 1983 



BB-3 
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Taxa 



Clupeidae 

Blueback herring 
Other shad 

Unident, clupeids 

Esocidae 

Unident * pickerel 

Cyprinidae 
Carp 
Unident , cyprinids 

Catostomidae 
Spotted sucker 
Other suckers 

Ictaluridae 

Unident. catfish 



n^id guVJUCL -L*JLCLti 

Pirate perch 



Atherinidae 

Brook silverside 

Percichthyidae 
Striped bass 

Centrarchidae 



129 



26 
814 



853 



388 



13 



Pumphouse 



1G 


3G 


5G 


Total 


Percent 


(xlOOO) 


(xlOOO) 


(xlOOO) 


(xlOOO) 


Composition 


on 


an 


4 


1 7 A 


0*6 


1434 


1146 


68 


2648 


9.5 


4315 


5782 


365 


10,462 


37.4 


1641 


1572 


90 


3303 


11.8 



53 



80 
1026 



573 
13 



13 



400 



17 
690 



237 
20 



28 



191 



123 
2530 



1663 
33 



13 



816 



15 



0.7 



0.4 

9.0 



5.9 
0.1 



<0.1 



2.9 



<0.1 



<0.1 



Unident. crappie 


2170 


1599 


184 


3953 


14.1 


Unident. sunfish 


233 


40 


2 


275 


1.0 


Other centrarchids 


129 


133 


7 


269 


1.0 


Percidae 












Yellow perch 


142 


320 


33 


495 


1.8 


Other percids 


388 


187 


52 


627 


2.2 


Other 


129 


213 


26 


368 


1.3 


Total 


12,894 


13,230 


1,841 


27,965 


100.0 



a. Source: DOE* 1987. 
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Table C-19. Estimated Entrainment of Larval Fish at SRP Intakes 



1G 



3G 



5G 



Total 



1977 



1982 



1983 



1984 



1985 F 



Number (xlO ) 


7.1 


11.9 


0.6 


Percent 


36 .2 


60.7 


3.1 


Number (xlO 6 ) 


5.2 


12.0 


0.7 


Percent 


28.8 


67.1 


4.0 


Number (xlO 6 ) 


12.9 


13.2 


1.8 


Percent 


46.2 


47.3 


6.5 


Number (xlO ) 


7.7 


8.8 


1.0 


Percent 


44.0 


50.3 


5.6 


Number (xlO ) 


3.8 


6.4 


0.7 


Percent 


34.9 


58.7 


6.4 


mber (xlO ) 


8.1 


9.5 


1.2 


percent 


43.4 


50.3 


6.3 



19.6 



17.9 



28,0 



17,6 



10.9 



18.8 



a. Source: DOE, 1987, 

b* April-June, McFarlane et al. (1978) 

c* March-August, ECS (1983). 

d. February-July, Paller et al. (1984) 

e. February-July, Paller et al, (1985) 
f* February- July, Paller et al * (1986) 
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threadfin shad (22,0 percent), unidentified Clupeidae (11*4 percent), and carp 
(10,3 percent). Generally, there were no substantive differences in the 
species composition between the three pumphouses. 

Total larval fish entrained due to SRP activities from February-July 1985 was 
calculated to be 10.9 x 10 & (Table C-19). The 1G pumphouse entrained 
3.8 x 10 larvae (35 percent); 6.4 x 10 6 larvae (59 percent) were 
entrained at the 3G pumphouse and 0,7 x 10 6 larvae (6 percent) at the 5G 
pumphouse* 



For the five years for which data are available, estimated entrainment of 
larval fish was highest in 1983 when 28.0 x 10 & larvae were entrained 
(Table C-19). Minimum larval entrainment (10.9 x 10 6 larvae) occurred in 
1985 * The 1983 estimated larval entrainment is almost 50 percent higher than 
the average entrainment (18*8 x 10 6 larvae) for the three year period 
(1983-85) during which sampling methodologies were consistent. The 1983-85 
average entrainment is comparable to entrainment estimates for 1977 and 1982. 

The highest percentage of larval entrainment occurred at the 3G intake during 
1983-85 (9.5 x 10 6 larvae, 50.3 percent of total; Table C-19). Larval 
entrainment was substantially lower at the 1G intake (8*1 x 10 6 larvae, 
43 ,4 percent of total ) * Larval entrainment at the 5G intake was consistently 
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Table C-20 
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Estimated Number and Percent Composition of Larval Fish 
Entrained at 1G, 3G, and 5G Pumphouses, February-July 1984 











Pumphouse 










1G 


3G 


5G 


Total 


Percent 


Taxa 




(xlOOO) 


(xlOOO) 


(xlOOO) 


(xlOOO) 


Compos 


.ition 


Ciupeidae 
















American 


shad 


36 


26 


— 


62 


0. 


4 


Blueback 


herring 


891 


1398 


39 


2328 


13 


2 


Other shad 


1010 


1085 


139 


2234 


12 


7 


Unident, 


clupeids 


2102 


1975 


116 


4193 


23 


9 



Esocidae 

Unident . pickerel 



Cyprinidae 
Carp 
Unident < cyprinids 



Catostomidae 
Spotted sucker 
Other suckers 



23 



1 7C 
4- / J 

449 



495 



679 



506 
23 



167 



118 
12 



30 



hOI. 

1295 



1119 
35 



0.2 

9 L 

7.4 



6.4 
0.2 



Aphredoderidae 
Pirate perch 

Percichthyidae 
Striped bass 



33 



73 



17 



123 



<0.1 



0.7 



Centrarchidae 



Unident. crappie 


1908 


2181 


233 


4322 


24.5 


Unident . sunf ish 


147 


100 


22 


269 


1.5 


Other centrarchids 


200 


59 


16 


275 


1.6 


Percidae 












Yellow perch 


77 


218 


5 


300 


Y.I 


Other percids 


84 


219 


39 


342 


1.9 


Lepisosteidae 












Gar 


19 


— 


— 


19 


0.1 


Other 


99 


87 


19 


205 


1.2 


Total 


7,748 


8,839 


991 


17,578 


100.0 


a. Source: DOE, 1987. 
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Table C-21. Estimated Number and Percent Composition of Larval Fish 

Entrained at 1G, 3G, and 5G Pumphouses, February- July 1985 









Pumphouse 








1G 


3G 


5G 


Total 


Percent 




Taxa 


(xlOOO) 


(xlOOO) 


(xlOOO) 


(xlOOO) 


Composition 




Clupeidae 














American shad 


46 


9 


5 


60 


0.6 




Blueback herring 


195 


198 


21 


414 


3.8 




Other shad 


563 


1660 


171 


2394 


22.0 




Unident. clupeids 


379 


797 


69 


1245 


11.4 




Cyprinidae 














Carp 


341 


687 


89 


1117 


10.3 




Unident. cyprinids 


122 


225 


61 


408 


3.8 




Catostomidae 














Spotted sucker 


1835 


2585 


223 


4643 


42.7 




Unident. suckers 





24 


6 


30 


0.4 




Others 


341 


195 


-39 


575 


5.1 


BB-3 
BD-5 


Total 


3,822 


6,380 


684 


10,886 


100.1 





a. Source: DOE, 1987, 



low (1.2 x 10 larvae, 6*3 percent), and never exceeded 6.5 percent of the 
total entrainment at the SRP river water intakes during 1983-85 . Thus , the 
magnitude of larval entrainment at the SRP is primarily determined by losses 
at the 1G and 3G intakes* 

The relative abundance of larval taxonomic groups entrained varies 
substantially from year-to-year. McFarlane et al . (1978) reported that 
clupeids (48 percent) , primarily blueback herring (29. 1 percent) , were most 
abundant among entrained iarvae in 1977, Cyprinid (10.0 percent) and 
catastomid (11 . 2 percent) larvae were relatively abundant , No striped bass 
eggs or larvae were collected during sampling in 1977. 

Clupeid larvae also dominated entrainment collections during 1983-85. This 
group accounted for over 50 percent of larval entrainment in 1983 (Table C-18) 
and 1984 (Table C-20), but only approximately 38 percent in 1985 
(Table C-21 ) . Among the clupeids , gizzard and/or threadf in shad larvae were 
most abundant , representing 37.3, 12.7 and 22.0 percent of total larval 

pnfrai nmpn t - in 1 Qfi ^ . 1 QRZl . anH 1 Qft^ . Tocnoni-T iral 17 RlnaKopV harfintr ranra- 

sented 9.5, 13.2 and 3.8 percent of collections in those years, American shad 
larvae were a minor component of entrainment , ranging from 0.4 to 0. 6 percent 
of entrainment from 1983-85* 
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Abundances of other larval taxa were also variable among years in 
entrainment . Cyprinids ranged from 9*4 to 14 . 1 percent of entrained larvae 
(Tables C-18, C-20, and C-21) . However, the greatest change in relative 
composition occurred among catastomid larvae, with spotted sucker larvae 
increasing from 5 * 9 and 6 * 4 percent of larval entrainment in 1983 and 1984 , to 
42,7 percent in 1985, 

The total egg entrainment during February- July 1983 was calculated to be 



9*2 x 10 b eggs of 



which 4*3 x 10 

6 



eggs were entrained at 



1G, 4.2 x 10 
eggs at 3G, and 0*7 x 10" eggs at 5G (Table C-22). The most abundant 
species was American shad which represented 55*0 percent of the total eggs 
entrained (Table C-23). The other abundant groups were other eggs and striped 
bass eggs , representing 2o ,0 and 14.2 percent oj. the to tax egg entrainirient , 
respectively. 

The total fish egg entrainment during February-July 1984 was estimated to be 
5,8 x 10 6 eggs, of which 2,7 x 10 6 eggs (46.6 percent) were entrained at 
the 1G pumphouse, 2*6 x 10 eggs (45.4 percent) at the 3G pumphouse and 
0,5 x 10 fc eggs (8,0 percent) at the 5G pumphouse (Table C-22), The most 
abundant egg species was American shad , representing 50 - 3 percent of the total 
eggs entrained (Table C-23). The other abundant groups of eggs entrained were 
strioed bass and other eees , representing: 30, 6 and 15 . 2 percent of the total 
eggs entrained , respectively. 



The total fish egg entrainment during February- July 1985 was estimated to be 



7,8 x 10 eggs (51,4 percent) were entrained at 
& (41,4 percent) at the 3G pumphouse, 1.1 x 10 6 



15*1 x 10°, of which 

BB-3 1G pumphouse, 6 . 2 x 10 

BD-5 (7*3 percent) at the 5G pumphouse (Table C-22). American shad eggs were 
abundant in entrainment and represented 46 * 7 percent of the total 
entrained (Table C-23) . The other abundant groups of eggs entrained were 
striped bass and other eggs, representing 26.2 percent and 24,8 percent of the 
total entrained, respectively* 



the 
eggs 
most 

eggs 



Total fish egg entrainment varied considerably among the years for which data 
are available* Average total entrainment from 1983-85 was 10*0 x 10 6 eggs 
at the three SRP intakes (Table C-22), However, egg entrainment varied almost 
threefold during those years from 5.8 x 10 6 in 1984 to 15,1 x 10 6 in 
1985. The highest estimated egg entrainment occurred in 1982 (18, 1 x 10 ), 
while estimated entrainment in 1977 (6,9 x 10 ) was near the low end of the 
range of values. 

The proportions of total eggs entrained at each of the three intakes remained 
relatively constant from year to year. Highest egg entrainment occurred at 
the 1G intake during all years except 1977 when entrainment was highest at the 
3G intake (Table C-22). The 1G intake averaged 49.1 percent of the total eggs 
entrained from 1983 to 1985- The 3G intake averaged 43,3 percent of total egg 
entrainment from 1983 to 1985, while the 5G intake averaged 7.6 percent of egg 
entrainment during this period. 

American shad eggs dominated entrainment collections from 1983 to 1985 and the 
percentage of total egg entrainment attributable to this species was rela- 
tively constant (Table C-23), American shad eggs averaged 50*0 percent of egg 
entrainment and ranged from 46,7 percent (1985) to 55,0 percent (1983) of all 
eggs entrained* The number of American shad eggs entrained annually varied 
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Table C-22. Estimated Egg Entrainment at SRP Intakes 



1977 



1982 



1983 



1984 



1985 f 



Number (xlO 6 ) 



1.UJ. Utll T_ 



Number (xlO 6 ) 
Percent 

Number (xlO 6 ) 
Percent 

Number (xlO*) 
Percent 

Number (xlO 6 ) 
Percent 



Average number (xlO 6 ) 
(1983-85) percent 



a. 

b. 

c ■ 
d. 
e. 

f. 



1G 



2.4 





O 


8 


.7 


48 


.3 


4 


.3 


46 


.7 


2 


.7 


46. 


6 


7. 


8 


51. 


1 


4. 


9 


48. 


3 



Source: DOE, 1987* 

April-June, McFarlane et al. (1978). 

February-July, Paller et al. (1984), 

February-July, Paller et al . (1985). 

February-July, Paller et al . (1986). 



3G 



4.0 



JO . w 



8.2 
45.1 

4.2 
45.7 

2.6 
44.8 

6.2 
41.1 

4.3 
43.8 



5G 



0.5 



—i o 



1.2 
6.6 

0.7 
7.6 

0,5 

8.6 

1.1 
7.3 

0,8 
7.8 



Total 



6.9 



18.1 



9.2 



5.8 



15.1 



10,0 



BB-3 
BD-5 



substantially, however, as total egg entrainment varied. The highest number 
of American shad eggs entrained was 7.1 x 10 6 in 1985. However, this 
species represented only 46.7 percent of total egg entrainment that year. 

Striped bass eggs were less than half as abundant as American shad eggs in 
entrainment, averaging 23.4 percent (2.4 x 10 6 eggs/year) from 1983 to 1985 
(Table C-23). However, striped bass eggs varied widely among years both as 
a percentage of total egg entrainment (14.2 - 30.6 percent) and as numbers of 
eggs entrained annually (1.3 x 10 6 - 4.0 x 10* eggs/year). Eggs of 
blueback herring, Dorosoma spp, (gizzard and/or threadfin shad) and percids 
were relatively minor components in entrainment. The undifferentiated 
component of other eggs represented a substantial component of egg entrain- 
ment, but likely included a wide variety of taxa, few of which represented 
substantial individual contributions to total egg entrainment. 

Ichthyoplankton Withdrawal - The percentage of ichthyoplankton withdrawn from 
the Savannah River is determined by dividing the number of fish eggs and 
larvae entrained by the number of eggs and larvae transported past the intake 
canals in the Savannah River. The number of ichthyoplankton entrained at each 
intake is derived by summing the numbers of eggs and larvae that were 
entrained during each year (Table C-24). The number of ichthyoplankton that 
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Table C-23. 



Estimated Entrainment and Taxonomic Composition of 
Fish Eggs at SRP Intakes, 1983-85 a 



Taxa 



1983 



198V 



1985 



Average 



American shad 


Number (xlO ) 


5.07 


2.91 


7.06 


5.01 




Percent 


55.0 


50.3 


46.7 


50.0 


Blueback herring 


Number (xlO fc ) 


0.09 


0.07 


0.14 


0.10 




Percent 


1.0 


1.2 


0.9 


1.0 


Dorosoma spp. 


Number (xlO ) 


e 


0.13 


0.21 


r 




Percent 


e 


2.2 


1.4 


r 


Striped bass 


Number (xlO ) 


1.31 


1.77 


3.96 


2.35 




Percent 


14.2 


30.6 


26.2 


23*4 


Unident. percids 


Number (xlO 6 ) 


0.16 


0.02 


e 


F 




Percent 


1.7 


0.3 


e 


f 


Other eggs 


Number (xlO ) 


2.58 


0.88 


3.74 


2.4 g 




Percent 


28.0 


15.2 


24.8 


25.6 s 



BB-3 
BD-5 



Total number (xlO 6 ) 



9.21 



5*78 



a. Source; DOE, 1987 . 

b. Paller et al. (1984). 

c. Paller et al , (1985). 
u. ranet cl ai. u^oo;. 

e . Not provided in source document . 

f. Not calculated because of partial data, 

g. Includes Dorosoma spp. and unident* percids 



15.11 



10.03 



were vulnerable to entrainment was estimated by multiplying ichthyoplankton 
densities in the river near the canals times the river discharge on that 
date. Ichthyoplankton densities at RM 157,3 were used for entrainment at the 
1G intake, and densities at RM 155.4 were used for estimates at the 3G and 5G 
intakes. Annual ichthyoplankton transport was derived by extrapolating the 
weekly measurements through the sampling season (February to July)* 

The total number of ichthyoplankton entrained was consistently highest at the 
3G intake and ranged from 11.4 x 10 6 ichthyoplankton in 1984 to 17*4 x 10 
in 1983 (Table C-24)* Entrainment at the 1G intake was slightly less than at 
3G, while a much smaller number of ichthyoplankton was entrained at the 5G 
intake* 

Totai number of ichthyoplankton entrained was highest in 1983, with 
substantially lower numbers of eggs and larvae entrained in 1984 and 1985 
(Table C-24)* Total numbers of ichthyoplankton entrained were similar in 1984 
and 1985* 
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Table C-24, 



Percentage of Savannah River Ichthyoplankton Entrained 
at SRP Intakes, 1983-85 a 



1983 



1984 



1985 



Number entrained 


1G 


(xlO 6 ) 


3G 




5G 




Total 


Number transported 


RM 157,3 


in River (xlO & ) 


RM 155.4 


Percent entrained 


1G 




3G 




5G 



17. 


2 


17. 


4 


2. 


5 


37, 


1 


388 




405 




4. 


4 


4. 


3 


0. 


6 



10. 


4 


11. 


4 


1. 


5 


23. 


3 


282 




216 




3. 


7 


5. 


3 


0. 


7 



11 


.6 


12 


.6 


1 


.8 


26 


.0 


212 




133 




5 


.5 


9 


.5 


1 


.4 



Total 



9.6 



8.3 



12.3 



percent iivei withdrawn 



-T ~I 
/ , / 






i ^* ■-* 



a* 
b. 
c. 

d, 
e. 
f* 



Source: DOE, 
Paller et al. 
Paller et al. 

Paller et al* 



1987, 
(1984). 
(1985), 
(1986), 



Based on transport at RM 157,3* 

Al 1 intakes comb ined , February- July * 



BB^3 
BD-5 



Estimates of ichthyoplankton transport varied among years and between 
transects at which transport was calculated (Table C-24) , Highest ichthyo- 
plankton transport occurred during 1983 when densities (Table C-15a) and river 
discharge (Table C-25) were both relatively high. Ichthyoplankton transport 
past the SRP intakes was substantially lower in 1984 and 1985. In 1984 
ichthyoplankton densities were relatively low (Table C-15b) » while river 
discharge was slightly below that observed in 1983 (Table C-25), Ichthyo- 
plankton densities in 1985 (Table C-15c) were comparable to densities observed 
in 1983, but river discharge was extremely low as a result of low winter 
rainfall and relatively low releases of water from Clarks Hill Reservoir. 

The combined effects of changes in ichthyoplankton density and river water 
discharge among years resulted in differences in estimates of the percentages 
of ichthyoplankton entrained from the river each year (Table C-24) . The 
percentage of ichthyoplankton entrained at all intakes was lowest in 1984 
(8.3 percent) and only slightly higher in 1983 (9-6 percent). The highest 
percentage of river ichthyoplankton entrained was in 1985 (12.3 percent) when 
Savannah River discharge was low during the spawning season (Table C-25)* 

The primary factor that appears to influence the percentage of, river 
ichthyoplankton entrained in the SRP intakes is the percentage of river water 
withdrawn (Table C-24) . Although the volume of river water withdrawn by the 
SRP remained relatively constant during the spawning season among the three 
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Table C-25. Monthly Average 3 Savannah River Discharge (m 3 /sec) 

at the Jackson Gauge, Water Years b » 1972-85° 



BB-3 
BD-5 







1972-82 




1983 


1984 


1985 












1983-85 




Average 


Maximum 


Minimum 


Average 


Average 


Average ~ 


Average 


October 


208.7 


247.7 


143.6 


190.1 


173.8 


184.1 


182.7 


November 


249.7 


410.2 


129.2 


170.4 


164.2 


182.7 


172.4 


December 


285.7 


395.7 


162.4 


247.9 


258.5 


172.3 


226.3 


January 


^SQ.1 


461 = 6 


190 = 8 


418.6 


366.8 


183.6 


323.0 


February 


412.6 


533.6 


221.9 


493.4 


403.2 


375.5 


424.0 


March 


332.9 


529.2 


195.4 


513.3 


469.3 


211.8 


398.1 


April 


338.3 


561.0 


188.1 


503.3 


412.3 


177.9 


364.5 


May 


300.5 


394.5 


160.9 


257.0 


396.5 


157.7 


270.4 


June 


305.7 


560.8 


190.0 


297.3 


250.9 


151.5 


266.6 



July 



231.7 



391.5 



154,8 



196.9 



234.1 



164.8 



198.8 



August 



204.5 



241.5 



161.1 



187.7 



343.8 



162.1 



231.2 



September 199.5 



232.0 



241.5 



189.8 



216,8 



155,4 



187,3 



b. 

c , 
d. 



a. Average discharge underestimated during high flow, maximum discharge 



reiiably measured is approximately 625 m /sec, which was used in 

calculations when discharge exceeded that value. 

Water Year is October-September, e.g., Water Year 1985 is October 1984- 

September 1985, 

Source: DOE, 1987. 

Source: USGS, 1986. 



years (Table C-26 ) , river discharge varied substantially and the percentage of 
river water withdrawn during the spawning season was higher in 1985 than in 
1983 or 1984, 



BB-3 

BD-5 



Impingement - Studies to measure and evaluate the loss of fish trapped on the 
traveling intake screens began in 1977 (McFarlane, Frietsche, and Miracle, 
1978). They resumed in March 1982 and continued through 1985 (ECS, 1983; 
Paller et al., 1984; Paller and Osteen, 1985; Paller and Saul, L986) as part 
of the expanded ongoing Savannah River aquatic ecology program. Results of 
these investigations indicate that several factors , including the number of 
pumps in operation, the volume of water pumped, the river water level, the 
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Table C-26 . Monthly Volume and Percent of Savannah River Water 

Withdrawn at the 1G and 3G Intakes at the SRP, 1983-85 a 



January 



February 



March 



April 



May 



June 



July 



August 



September 



October 



November 



December 



Volume (m 3 /sec) 
Percent of River 

Volume (m 3 /sec) 
Percent of River 



Volume (m 3 /sec) 
Percent of River 

Volume (m 3 /sec) 
Percent of River 

Volume (m 3 /sec) 
Percent of River 

Volume (m 3 /sec) 
Percent of River 

Volume (m 3 /sec) 
Percent of River 

Volume (m 3 /sec) 
Percent of River 

Volume (m 3 /sec) 
Percent of River 

Volume (m 3 /sec) 
Percent of River 

Volume (mVsec) 
Percent of River 

Volume (m 3 /sec) 
Percent of River 



1983 



1984 



1985 



23.7 


25.3 


23.0 




5.8 


5.6 


12.9 




22.5 


15.2 


22.8 




4.6 


4.1 


6.7 




22.6 


18.0 


21.6 




4.4 


4.4 


10.5 




22.8 


23.7 


21.8 




4.1 


6.3 


12.4 




22.8 


23.6 


22.8 




9.3 


6.4 


14.6 




16. 9 


22.0 


18.7 




6.4 


9.2 


12.6 




19.5 


22.2 


15.7 




10.2 


9.8 


9.5 


BB-3 


23.4 


23.1 


15.3 


BD-5 


12.7 


7.8 


9.5 




22.6 


23.8 


16.4 




12.1 


11.3 


10.7 




23.1 


18.8 


19.9 




13.5 


■10.5 


C 




22.9 


14.4 


21.3 




14.4 


7.9 







23.6 


22.0 


18.2 




9.8 


13.1 








a. Source: DOE, 1987. 

b. Percentage overestimated during months of high river discharge, 
c- River discharge volume not available - 



water temperature, and the density and species of fish in the intake canal , 
influence the impingement rate to some degree* 

Impingement data were summarized from the reports prepared on these 
investigations (DOE, 1987) . Although impingement samples were collected from 
March 1982 to September 1985, the samples used in this evaluation are 
primarily from September 1982 through September 1985 because methodologies 
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were consistent during this interval. Additional unpublished data from 
October to December 1985 were included as appropriate. 

In a preliminary biological measurement program, collections of impinged 
fishes on the traveling screens at the 1G, 3G, and 5G intakes were made 
biweekly between April and August 1982. Between September 1982 and August 
1985 collections were made on approximately 100 randomly selected sampling 
dates yearly. The data collected after August 1982 more accurately represent 
impingement over an annual cycle because the frequency of collection was 
higher and more consistent. 

Impingement at 1G and 3G intakes varied substantially each year* The maximum 
annual impingement collections occurred at the 1G intake in 1983 (1462 fish, 
Table C-27). By extrapolating the estimated daily impingement for 1983, it is 
estimated that 5336 fish were impinged at the 1G intake per year- The highest 
annual impingement collections at the 3G (1150 fish) and 5G (1282 fish) 
H-^oi^o a icn nrr^nrrpH in 1 9R3 with an estimated annual impingement of 4198 and 
4679 fish per year, respectively. Although the sampling effort remained 
constant from 1983 through 1985, both the actual (measured) impingement and 
the estimated annual impingement declined at the 1G and 3G intakes. The 
minimum estimated annual Impingement occurred in 1985 at the 1G (1670 fish) 
and 3G (1316 fish) intakes; minimum annual impingement occurred in 1984 at the 
5G intake (213 fish)* Average estimated annual impingement for the three year 
period was 3124 fish (8.56 fish/day) at the 1G intake, 2761 fish (7-56 
fish/day) at the 3G intake, and 1718 fish (4.70 fish/day) at the 5G intake. 

Impingement at the SRP intakes is strongly seasonal. Approximately 60 percent 
of the fish impingement at 1G and 3G during 1983-1985 occurred from March 
through May (63.3 percent at 1G; 58.4 percent at 3G: Figure C-7). Almost 
93 percent of impingement at the 5G intake occurred during these months. The 
largest number of impinged fish were collected in May, when approximately 
one-third of the annual impingement occurred over the three-year period at 
1G and 3G. However, 65 percent of annual impingement at the 5G intake 
occurred during April. No month other than March, April, and May exhibited 
greater than ten percent of the annual average impingement at the 1G intake. 
nuwever, auDSiamiai xiiipxugeuieuk. uutuncu uunu^ johucu-j vj .j..-. ^w^^w.^w, «--« 
December (12.3 percent) at the 3G intake. Impingement was low during the late 
summer and fall months at all intakes. 

At least 62 species of fish, representing 17 families, were impinged at SRP 
intakes from March 1982 to December 1985 (Tables C-28 and C-29). Twenty 
species were collected in such abundance that the species collection repre- 
sented more than one percent of the total collections between September 1982 
and September 1985 (Table C-28). Blue-spotted sunfish (23.29 percent) and 
threadfin shad (11,39 percent) were the most abundant species in impingement 
samples at all intakes during this three-year period* Among the remaining 
species only gizzard shad (6.31), redbreast sunfish (5.49 percent), and 
warmouth (5.30 percent) exceeded five percent of the total collections. Thus, 
overall impingement losses from the Savannah River were fish identified as 
forage species with little commercial or recreational value. 

However, species specific impingement varied substantially among the three 
intakes and among years. For the period from September 1982 through August 
1983, blue-spotted sunfish dominated impingement collections at the 1G and 5G 
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Table C-27. Total Annual ■ Impingement at 1G, 3G and 5G Intakes 



Intake 



Year 



1G 



3G 



5G 



1982 



1983 



1984 



1985 



1983-85 c 
average 



Total fish collected 
Number of days sampled 
Average impingement /day 
Estimated annual impingement 

Total fish collected 
Number of days sampled 
Average impingement /day 
Estimated annual impingement 

Total fish collected 
Number of days sampled 
Ave rage imp ingemen t /day 
Estimated annual impingement 

Total fish collected 

Number of days sampled 
Ave rage imp ingemen t /day 
Estimated annual impingement 

Total fish collected 
Number of days sampled 
Average impingement /day 
Estimated annual impingement 



73 


284 


84 


43 


43 


43 


1.70 


6.60 


1.95 


619.7 


2410.7 


713.0 


1462 


1150 


1282 


100 


100 


100 


14.62 


11.50 


12.82 


5336.3 


4197.5 


4679.3 


655 


766 


59 


101 


101 


101 


6.48 


7.58 


0.58 


2367.0 


2768.2 


213.2 


430 


339 


67 


94 


94 


94 


4.57 


3.61 


0.71 


1669.7 


1316.3 


260.2 


849.0 


751.7 


469.3 


98.3 


98.3 


98.3 


8.56 


7.56 


4.70 


3124.3 


2760.7 


1717.6 



a. Source: DOE, 1987. 

b* Includes unpublished data from October-December 1985, 

c. Only 1983-85 data were used for these calculations because sampling was 
limited in 1982. 
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intakes while threadfin shad dominated collections at 3G (Figure C-8a), From 
September 1983 through August 1984 threadfin shad dominated collections at the 
1G intake and blue-spotted sunfish were a relatively minor component of the 1G 
collections (Figure C-8b). Blue-spotted sunfish dominated collections at the 
3G and 5G intakes during this latter period. From September 1984 through 
September 1985 impingement collections were relatively low at all intakes and 
gizzard shad were most abundant in 1G intake collections, threadfin shad 
dominated collections at 3G, and American shad were most abundant at the 5G 
intake (Figure C-8c). Centrarchids did not dominate the collections at any of 
the three intakes during this last period. 
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Impingement at SRP Intakes 
1983-1985 
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Source: DOE, 1987 
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Figure C-7. Monthly Percentage of Total Annual Impingement at 1G, 3G, and 5G Intakes 
Average Values for 1983-85. 
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Table C-28 



Number and Percentages of Fish Species 
Representing Greater Than One Percent 
of Impingement Collections a 
3G and 5G Intakes, September 1982- 
September 1985 a 



the 1G 



Species 



Bluespotted sunf ish 

Threadfin shad 

Gizzard shad 

Redbreast sunfish 

Warmouth 

Flier 

Hogchoker 

Spotted sunfish 

Bluegill 

Black crappie 

Bowf in 

Blue back herring 

Spot tail shiner 

Pirate perch 

Dollar sunfish 

Pumpkinseed 

White catfish 

Redfin pickerel 

Flat bullhead 

Mud sunfish 

Total of minor species 



Number 


Percent 


1465 


23.30 


716 


11.39 


397 


6.31 


345 


5.49 


333 


5.30 


313 


4.98 


252 


4.01 


218 


3.47 


179 


2.85 


171 


2.72 


162 


2.58 


141 


2.24 


122 


1.94 


119 


1.89 


112 


1.78 


85 


1.35 


82 


1.30 


77 


1.22 


70 


1.11 


69 


1.10 


860 


13.68 



Total 



6288 



100,00 



a. Source: DOE, 1987* 



The impingement of fish at SRP intakes appears to be strongly selective and 
relative to the abundance of fish in the intake canals. Quarterly electro- 
fishing of the intake canals revealed that the fish community in the canals is 
strongly dominated by centrarchids (Figures C-8a, C-8b , and C-8c). During the 
sampling period September 1982 through September 1985, the electrof ishing 
collections were dominated by a mixture of bluegill, redbreast, and dollar 
sunfish at all intake areas * Chain pickerel were collected routinely, while 
yellow perch, suckers, largemouth bass, and spotted sunfish appeared less 
routinely in collections , but occasionally in substantial numbers . The most 
notable exception to this pattern is the dominance of flat bullhead, white 
catfish, and channel catfish in collections near the 5G intake during 
September 1984 through September 1985. Generally, those species that were 
dominant in 
collections. 



*=>1 pr'trnf i china 



col lection c 



Ltfi^T-Q 






■aTitini'-l on +- 



-Uip J. 11 gc LUC It I, 



BB-3 
BD-5 



The findings on the relative abundance of fish in the Savannah River near the 
SRP intakes and in the impingement collections were analyzed relative to the 
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Species of Fish Collected at the 1G, 
3G» and 5G Intakes Representing Less 
Than One Percent of Total Collections, 
September 1982-September 1985 a 



Hickory shad 
American shad 
Chain pickerel 
Golden shiner 
Pugnose minnow 
Ohoopee shiner 
Coastal shiner 
Bannerfin shiner 
Carp 

Whitefin shiner 
Eastern silvery minnow 
Spotted sucker 
Creek chubsucker 
Lake chubsucker 
Chubsucker 

0.: i „„„ Jti«*-^« 

Channel catfish 
Snail bullhead 
Brown bullhead 
Yellow bullhead 
Tadpole madtom 



Speckled madtom 
Margined madtom 
Redear sunfish 
Blackbanded sunfish 
Largemouth bass 
Banded sunfish 
White crappie 
Green sunfish 
Yellow perch 
Blackbanded darter 
Tesselated darter 
Swamp darter 
Mudminnow 
Eastern mudminnow 
Atlantic sturgeon 






Unidentified killifish 
Mosquitof ish 
Brook silverside 
Striped bass 
Atlantic needlefish 



a. Source: DOE, 1987. 
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angler catches in freshwater sections of the Savannah River. Fish species 
caught by anglers in the Savannah River represent an extremely limited set of 
available species . Electrof ishing collections made during 1980-1982 
throughout the freshwater sections of the lower Savannah River have indicated 
that the taxa caught by anglers represented only 33.1 percent of the numerical 
abundance collected in electrof ishing. Similarly, those species that 
constitute 95.8 percent of the angler catch constitute only 27.8 percent of 
total impingement at the SRP intakes. The species caught by anglers represent 
59.8 percent of the fish caught by electrof ishing and 86.9 percent of hoop-net 
sampling from the Savannah River near the SRF intakes. However, Paller and 
Osteen (1985) noted that the electrof ishing collections near SRP do not 
accurately reflect the abundance of minnows and other small species. The same 
caution undoubtedly applies to hoop-net collections because the hoop-nets used 
for the SRP collections had a maximum mesh size of 37 millimeters. 

Bream represent the largest component of the anglers T catch in the Savannah 
River. Although centrarchids were a substantial component of SRP impingement 
collections , the species impinged were not predominantly those caught by 

^n?lprc fFionre r^Q\ 41 t-hnuoh r/iHKi-oach cnnfich ^ r«=* flhnnHant in the Creel 

(27.1 percent and in the river near the intakes (26.7 percent), they 
represented only 5 . 5 percent of impingement . Bluegill show much higher 
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Figure C-8a. Percent Composition of Selected Fish Species Impinged at the 1G, 3G, and 
5G Pumphouses and Collected Near the Pumphouse by Electrofishing. 
September 1982 August 1983 
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Figure C-8b. Percent of Composition of Selected Fish Species Impinged at the 1G, 3G, 
and 5G Pumphouses and Collected Near the Pumphouse by Electrofishing 
September 1983- August 1984 
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Figure C-8c. Percent Composition of Selected Fish Species Impinged at the 1G, 3G, and 
5G Pumphouses and Collected in the Vicinity of the Pumphouses by 
Electrofishing. September 1 984-September 1985 
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Figure C-9. Relative Abundance of Fish Taxa in Creel, Electrofishing and Hoop-Net 
Collections, and SRP Impingement 
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relative abundance in the anglers T catch than in the river (all methods) and 
impingement , Among the bream caught by anglers , only the spotted sunf ish 
represents a hieher relative abundance in imDin^ement f 3- S nprr.pnt) than in 
the creel (1.1 percent) , but the species relative abundance in impingement is 
less than the relative abundance in electrof ishing collections (5*2 percent ) . 

Crappie, yellow perch, and largemouth bass all exhibit higher relative abun- 
dances in the creek (8.0 percent, 3.0 percent, and 3.2 percent, respectively) 
than in impingement (2.9 percent, 0.8 percent, and 0*5 percent, respectively, 
Figure C-9) . All three species exhibit higher relative abundance in the river 
(by at least one collection method) than in impingement. Largemouth bass 
exhibits higher abundance in the river (by at least one collection method) 
than in impingement, and exhibits higher relative abundance in the river than 
in the creel . Chain pickerel is a minor component of the creel (0.9 percent ) 
and has comparable abundance in impingement (0.7 percent). 



Relative abundances of all taxa of catfish [bullhead spp. (2.1 percent) , 
channel catfish (0.8 percent), and white catfish (1.3 percent)] taken in 
impingement samples were lower than relative abundances for those taxa in the 
creel (8.2 percent, A, 2 percent, and 2.1 percent, respectively, Figure C-9). 
However, the relative abundances of these taxa in hoop-net collections from 

f h(=> f1 \7P>t~ w*=*T"#=> Cllhc^anhl a 1 1 U Vi-ioH^-r- fVian f nr ot f-Vior -Tn-inn nnomon l~ rs v Qrinlar 

catches . The disparity between relative abundances of catfish taxa in 
electrof ishing and hoop-net collections suggests that catfish are a sub- 
stantial component of the Savannah River ichthyo fauna, and that electrof ishing 
provides a poor estimate of the abundance of these taxa. 
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American shad, striped bass and hybrid bass were minor components with all of 
the collection methods (angling, electrof ishing, hoop-netting, impingement, 
Figure C-9) . The abundance of the migratory American shad and striped bass in 
the Savannah River near SRP was undoubtedly underestimated during the quar- 
terly sampling program. Nevertheless , the low frequency of these species in 
impingement collections (taken in approximately 100 collections throughout the 
year) is highly encouraging because it indicates that adults and juveniles of 
these species are minimally influenced by impingement mortality associated 
with SRP operations. 

Status of Savannah River Fish Populations 



The primary source documents containing the data used in this section are 
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Relatively little is known about the current status of fishery stocks in the 
Savannah River and the overall levels of mortality sustained by individual 
species populations. The creel survey in DOE (1987) represents a significant 
addition to the knowledge of sports fishing pressure on individual species in 
freshwater and es tuarine areas of the lower Savannah River . Concurrent 
sampling of the creel census areas using electro fishing and rotenone provided 
additional information on abundance and species composition of resident 
species. 
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American shad stocks appear to be healthy and productive in the Savannah 
River. Reports on commercial catches by Georgia shad fishermen in 1980 
indicated that the Savannah River produced the greatest catches (in pounds of 
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fish and income) in the state, representing 51 percent of Georgia shad 
landings in that year , while only 13 percent of Georgia ' s commercial shad 
fishermen operated in the river during that year- Thus, American shad stocks 
in the Savannah River may be less heavily exploited and relatively more abun- 
dant than stocks in other Georgia rivers. Additionally, researchers have 
reported on the development of a previously undocumented sport fishery for 
American shad in the vicinity of the New Savannah Bluff Lock and Dam, and have 
recommended that the magnitude of this iishery be evaluated. 

Less is known about the status of. striped bass in the Savannah River. Only 
recently has spawning upstream of tidaily influenced regions of the river been 
documented (ECS, 1983, Faller etai., 1984, Paller et al., 1985, Faller 
et al., 1986), Nevertheless, it has been suggested that striped bass spawning 
occurs primarily in the tidaily influenced portions of the river. It is not 
clear whether the current spawning of striped bass in upstream regions of the 
river represents a re-establishment of a spawning stock in this area, or is a 
result of the increased intensity of sampling efforts during 1982-1985 
relative to prior sampling programs* 

Although relatively little is known concerning fish stocks, the quality of 
fish habitat in the river near the SRP has likely improved. The recent 
improvement of the sewage treatment facilities in Aiken County, South 
Carolina, have undoubtedly resulted in improvement of water quality in Horse 
Creek, which enters the Savannah River at RM 197.4. The continuing upgrading 
of sewage treatment facilities for the Augusta, Georgia, area will result in 
improved water quality in Butler Creek (RM 187.2) which enters the river near 
the New Savannah Bluff Lock and Dam. The river section from the New Savannah 
Bluff Lock and Dam to downstream of Spirit Creek (RM 182.2) has been 
identified as an area of degraded water quality. 



Overall, there is currently no basis for concluding that fish stocks in the 
Savannah River are adversely affected by SRP operations. Although direct 
assessment of recent changes in fish stocks is currently not feasible, the 
losses of fish resulting from SRP operations are small and localized. Such 
small losses should not result in a significant risk to the abundance or 
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Thermal Effects on Larval Fish 

Studies of the thermal tolerance of early life stages of largemouth bass, 
bluegill , and channel catfish indicated that these species can tolerate higher 
(several degrees) temperature than the highest observed spawning temperature 
(Du Pont, 1985). The optimal temperatures for largemouth bass and channel 
catfish larvae were found to be 24 rt C and 28°C, respectively. The 24-hour 
median lethal temperature for largemouth bass larvae was found to range from 
32°C to 36°C, while that for bluegill larvae was 36°C to 38°C. The 
incipient lethal temperature for channel catfish larvae was determined to be 
33 C to 36 °C< Studies on cold shock conducted on early life stages of 
largemouth bass and channel catfish indicated that neither species would be 
likely to suffer mortality if stream temperatures returned to ambient levels 
during the late spring spawning season. 



Fish kills from cold shock can be equally important in environments such as 
Four Mile Creek and Pen Branch that are thermally constant for long periods of 
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time during extended reactor operation, and then cool rapidly when reactor 
operations stop (Du Pont, 1985). 

Chlorination/Dechlorination Effects 

Experimental studies were conducted to evaluate the potential effects of 
chlorination and dechlorination of K- and C-Reactor cooling water (Wilde, 
1987)* Chlorination is expected to be necessary to prevent biofouling of the 
proposed cooling tower systems for these reactors and dechlorination may be 
necessary to meet expected NPDES permit limitations on residual chlorine in 
the receiving streams. 
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K-Reactor cooling water effluent determined that a chlorine dose of approx- 
imately 3 mg/1 is required to obtain a free residual chlorine (FRC) concen- 
tration of 1 mg/i in reactor cooling water (the FRC concentration typically 
required to prevent biofouling in cooling tower systems) . The average total 
residual chlorine (TRC) concentration resulting from this chlorine dose was 
1.7 mg/1. 



Reduction of TRC to approximately background levels was usually achieved with 
a sodium sulfite dose of 1.5 times the calculated stoichiometric 
concentration. However, 2 times the stoichiometric amount of sodium sulfite 
produced slightly better dechlorination effectiveness. Therefore, based on 
the results of this study, with a chlorine dosage (ca. 3 mg/L) providing FRC 
and TRC concentrations of 1*0 and 1. 7 mg/1 , respectively, a sodium sulfite 
dose of approximately 6 mg/1 would reduce TRC in the effluent to near 
background levels . 
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Static 48-hour bioassays with bluegill collected from Par Pond showed no 
toxicity for cooling water containing up to 64 times the stoichiometric 
concentration of sodium sulfite calculated to remove residual chlorine. 

In flow-through 96-hour bioassays with young-of -the-year largemouth bass and 
bluegill, no mortality occurred with chlorination at peak doses as high as 1.3 
mg/L TRC at 20°C. At 30°C, LC 50 values for peak chlorine dosages ranged 
from 0.8 to 1,1 mg/1 TRC. In the flow-through tests no mortality occurred 
with either species in chlorinated cooling water dechlorinated with 6 mg/1 of 
sodium sulfite. 



fi 1 p-n i f i ^flTl^ 



A sodium sulfite dose of as much as 25 mp/l resulted in no 
reduction in dissolved oxygen or change in pH with a contact time of 150 
minutes * The concentration dosages required for substantial dissolved oxygen 
depletion were found to be more than an order of magnitude greater than the 
concentration (6 mg/1 ) proven to effectively dechlorinate SRP cooling water 
effluent chlorinated to an FRC concentration of 1 mg/1. 



C.6 ENDANGERED AND THREATENED SPECIES 

The Endangered Species Act of 1973, as amended (16 U.S.C. 1531 et seq.), is 
intended to prevent the further decline of endangered and threatened species 
and to bring about the restoration of these species and their habitat. The 
U.S. Fish and Wildlife Service (FWS) and the National Marine Fisheries Service 
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(NMFS) jointly administer this Act. The Act affords protection to some 300 
species of native American plants and animals* A species can be listed 
Federally under either of two categories, "endangered" or "threatened," 
depending on its status and the degree of the threat. Endangered refers to a 
species or subspecies that is in danger of extinction throughout all or 
a significant portion of its range. Threatened means any species or sub- 
species that is likely to become endangered in the foreseeable future through- 
out ail or a significant portion of its range- In addition, species may also 
be classified as "threatened due to similarity of appearance. " This classi- 
fication is afforded various species to ensure against excessive taking and to 
continue necessary protection to similar appearing species which are still 
classified as threatened. When a species is proposed for either the 
endangered or the threatened status , areas essential to its survival or 
conservation are proposed as "critical habitat/ 1 when appropriate. Compliance 
with the Endangered Species Act requires Federal agencies to consult with FWS 
and/or the NMFS regarding the implementation of a proposed action* If FWS or 
NMFS indicate that an endangered or threatened species (or one proposed as 
such) or critical habitat could be present in the area of the proposed action, 
a biological assessment must be prepared. This assessment is used as a basis 
for evaluating the effects on Federally protected species through the formal 
consultation process * 

The State of South Carolina has a Nongame and Endangered Species Conservation 
Act (Section 50-15, 1976, S.C- Code of Laws). Rules established to implement 
the act protect Federally protected endangered and threatened wildlife that 
occur in South Carolina (R. 123-150), sea turtles (R. 123-150 .1) and predatory 
birds of the orders Falconif ormes and Strigif ormes (R. 123-160). The State 
does not afford protection to flora other than Federally protected species 
(DOE, 1982) . Additions to the State protection listings can be made by the 
South Carolina Wildlife and Marine Resources Commission, 

Table C-30 lists species of flora and fauna that have been documented at the 
Savannah River Plant (Dukes , 1984) and have been listed by the Federal 
Government (50 CFR 17.11 and 17.12, "Endangered and Threatened Wildlife and 
Plants") or State of South Carolina as endangered, threatened, or of special 
concern. The Savannah River Piant contains no areas that nave ueen designate^ 
as critical habitat for any species* 

Formal consultations were held between DOE and the U.S . Fish and Wildlife 
Service to comply with the Endangered Species Act of 1973. Based on these 
consultations , the FWS issued a biological opinion that the preferred alter- 
native cooling systems should have no effect on endangered and threatened 
species (Parker, 1986; Henry, 1986). 

C.6.1 AMERICAN ALLIGATORS 

Sections 6 . 1 through 6 . 5 address the threatened and endangered species that 
occur on the Savannah River Plant. Much of the information presented in these 
sections is summarized from the Comprehensive Cooling Water Study (Du Pont, 
1985 ) . Additional information concerning other species listed in Table C-30 
is in DOE, 1984. 

Formerly high alligator population levels in the United States were greatly 
reduced by habitat alteration, indiscriminate killing, and legal , as well as 
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Table C-30. Species on the Federal List of Endangered Species or the South Carolina List of "Endangered " 
"threatened/ 1 or "Of Special Concern" Species That Might Occur on the Savannah Ri ver'pfant* ' 



ipeci es 



Mammal s 



Status 



Federal 



State 



Special 
Ihreatened Endangered Threatened concern 



Observations on or near SRP 



TC 



Mrsus a_. americana 
(Black bear) 

Lvnx rufus 



X 



No resident population on SRP, 
observation infrequent in past 

Common on SRP 



O 
I 



Lutra canadensi s 
(River otter) 

Soi looale p_. putorius 
(Eastern spotted skunk) 



X 



Observed along ambient streams of SRP 



Common on SRP 



gondyl ura cHstata parva 
(Star-nosed mole) 



Bi rds 



Collected infrequently near Risher Pond, 
Ellenton Bay. Rainbow Bay, and Steel Creek 
floodplain 



PirniHpt: hnrpAli<; 

I . ., ~r . — — -^ — -*■ ■ — ■ »- ■ :_=. 

(Red-cockaded woodpecker) 
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of SRP; see text for more details 



Hal i aeetus 1- leucocephal us 
(Bald eagle) 



Thirty-six birds have been observed on 
the SRP, most of which have occurred on 
Par Pond and L-Lake. A single active nest 
containing two juveniles was located below 
Par Pond dam in the Lower Three Runs Creek 
drainage area in 1986, 



Mycteria americana 
(Wood Stork) 



Individuals have heer\ observed foraging 
in the Savannah River swamp; see text for 
more details 
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Species on the Federal List of Endangered Species or the South Carolina List of "Endangered, 
"Threatened," or "Of Special Concern" Species That Might Occur on the Savannah River Plant 3 
(continued) 



Status 



Federal 



State 



TC 



Species 



Threatened Endangered 



Special 

Threatened concern 



Observations on or near SRP 



n 
1 



Birds (continued) 

Pandion haliaetus 
(American osprey) 

Accipiter cooperii 
{Cooper's hawk) 

Bubo virQinianus 
(Great horned owl ) 



Me-ldnerpES erytnrocepuai us 
(Red-headed woodpecker) 



Pi coides vil losus 
(Hai ry woodpecker) 

Lanius ludovi cianus 
(Loggerhead shrike) 

AutKwa ufll i «:i nprifl 
rj vjv Jh V ■ • - ■ ■■■m - ■ t 

(Canvasback) 

Ictinia missi ssi ppi ensi s 
(Mississippi kite) 



X 
X 

X 
X 
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as migrants over SRP 






A few individuals have been observed 
near Sun Bay and Rainbow Bay 

A few individuals have been observed 
near Rainbow Bay 

Common on SRP 



Common on SRP 



Infrequently observed on SRP 



Reptiles 



Alligator missi ssi poi ensi s 
(American alligator) 



Common on Par Pond, Beaver Dam Creek, 
and in the SRP Savannah River Swamp: see 
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C1emmv_s guttata 
(Spotted turtle) 



Uncommon 
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Species on the Federal List of Endangered Species or the South Carolina List of "Endangered," 
"Threatened/ 1 or "Of Special Concern" Species That Might Occur on the Savannah River Plant 3 
(continued) 



Status 



Federal 



State 



Species 



Threatened Endangered 



Special 
Threatened concern 



Reptiles (continued) 

Natrix cyclQE.JQn 
(Green water snake) 

Semi natrix pygaea 
(Carolina swamp snake) 

Vi rgi nia valeriae 
(Smooth earth snake) 



PituQDhis m. melanoleucus 
(Pine snake) 

Mi crurus f . ful vi us 
(Eastern coral snake) 

Qphisaurus attenatus 

longi caudus 

(Eastern slender glass lizard) 



Amphi bi ans 

Ambystoma i. tigri num. 
(Eastern tiger salamander) 

Pseudacris triseriata feriarum 
(Upland chorus frog) 

Hyl$ a_vivoca ogechiensi s 
(Bird-voiced treefrog) 



X 
X 



Observations on or near SRP 



Collected commonly from Ellenton Bay 



Uncommon; collected from Ellenton Bay 



Collected from deciduous forests mixed 
with older pines; found near Pond C or Par 
Pond, Lost Lake, and Rainbow Bay 

Uncommon 



Uncommon 



Uncommon; has been collected near Risher 
Pond, Rainbow Bay, Sun Bay, and Steel 
Creek floodplain 



Found throughout SRP 



Locally common 



Locally common in the Savannah River 
swamp 
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Status 



Federal 



State 
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Special 

rnnrorn 



flh^pruat i nn<: nn nr near SRP 



Amphibians (continuedl 

Ran a gryl io 
(Pig frog) 

Ra n a pal ustri s 

i Pi rkprpl f rnnl 



X 



Observed near Steel Creek Bay and Steel 
Creek delta 

Rare; a few have been captured from 
Risher Pond 



o 
l 



Fish 



Acipens_e_r brevi rostrum 
{Shortnose sturgeon) 



Aci oenser oxyrhvnchus 
{Atlanti c sturgeon) 



X 



Rare; a few larvae (5) have been 
collected in the Savannah River near the 
SRP pumphouses and two larvae were 
collected in the intake canals; see 
Section C.5.2,2 for more details 
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Kare; a rew larvae ti'J nave Deen coiiecteu 
in the Savannah River near the SRP 
pumphouses; see Section C. 5,2.2 for more 
details 



A1 osa aestival i s 
(Blueback herring) 

Al osa medi ocri s 
(Hickory shad) 



Common in the Savannah River; present 
in Par Pond 

Collected downstream of SRP in the 

Ciidrtrtlk D-itifllr- 

jovciiiiioii i> i vci 



Invertebrates 

El 1 i ptio f raterna 
(Brother spike mussel) 

El 1 i ptio lancenl ata 
(Yellow lance mussel) 

Alasmidonta triangulata 
(Triangle floater mussel) 



Collected from Savannah River below 
Lower Three Runs Creek 

Collected from ambient streams of SRP 
and the Savannah River 

Collected from Savannah River below SRP 
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Status 



Species 



Federal 



State 



Threatened Endangered Threatened 



Special 
concern 



Observations on or near SRP 
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Invertebrates (continued) 



Caruncul ina pulla 
(Savannah shore mussel) 



Collected from Savannah River near Lower 
Three Runs Creek 



Anodonta couperiana 
(Barrel floater mussel) 



Collected from Savannah River and Lower 
Three Runs Creek at Donora Station 



n 
I 



Strophitus undulatus 
(Strange floater mussel J 

Lampsilis cariosa 
(Yellow mucket mussel) 



Collected from Savannah River 
downstream of Steel Creek 

Collected from Savannah River and Lower 
Three Runs Creek 



Lampsilis radiata splendida 
(Red mucket mussel ) 



Collected from Savannah River, Lower 
Three Runs Creek, and Tinker Creek 



Procambarus hi rsutus 
(Crayfish) 



Collected from ambient streams of SRP 



Tortopus incertus 
(Mayfly) 



Collected from clay banks in the 

Savannah River near Upper Three Runs Creek 

and Steel Creek mouth 



Plants 



Echi nacea 1 aev_i 
(Smooth coneflower) 



Along Burma Road 



Nestronia umbrel 1 ul a 
(North American sandlewood) 



Dry wood bluffs along Upper Three 
Runs Creek 



Habenaria la xexa 
(Green fringed-orchid) 



Rainbow Bay, Sun Bay, and Mill Creek 
Reserve Site areas 



Table C-30. Species on the Federal List of Endangered Species or the South Carolina List of "Endangered/ 1 
"Threatened/* or "Of Special Concern" Species That Might Occur on the Savannah River Plant 3 
( conti nued) 



Status 



Federal 



State 
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Species 



Threatened Endangered Threatened 



Special 
concern 



Observations on or near SRP 
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Plants (continued) 

Ludwi tji a spatnuiQia 
(Spathulate seedbox) 

Enchi nodorus parvul us 
(Little burhead) 

Rhexia ari stosa 
(Ann-petaled meadow-beauty) 

Tnnmnn^i <i rubra 

~r f"*r - ■ - -*- 

(Standing cypress) 

Coreopsi s rosea 
(Pine tickseed) 



X 

X 



a. Source: Dukes, 1984. 

b. Source: 50 CFR 17,11 and 17,12. 

c. Threatened due to similarity of appearance. 



Sun Ba u and transnl anted to Rai nbow 
Bay area 

Lost Lake and Sun Bay 
Craig Pond 



On roadbank of Highway 125 just east of 
SRP boundary in Barnwell County, SC 

Karen's Pond and Flamingo Bay 
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illegal commercial harvest (Du Pont, 1985) . By the 1950s, alligator popu- 
lations were at an all-time low* Since that time, State and Federal law 
enforcement and management, as well as public education* have allowed the 
alligator to recover throughout much of its range* On June 4, 1987, FWS 
reclassified the American alligator from endangered to threatened due to 
similarity of appearance because the species is no longer biologically 
endangered or threatened throughout its range (FR 52 No. 107: 21059-21064). 
The threatened due to similarity of appearance status was retained to ensure 
against excessive taking and to continue necessary protection to the American 
crocodile, a morphologically similar species. 

Alligators will feed on most aquatic and semiaquatic vertebrates and some 
terrestrial animals . Limited data suggest that fish make up the bulk of the 
alligator diet on the Savannah River Plant (Du Pont, 1985 ) . American alli- 
gators have relatively broad temperature tolerances ; the critical thermal 
maximum is estimated to be 38 °C and animals have survived exposure to 
temperatures as low as 2°C to 4°C (Colbert, Cowles, and Bogert, 1946; 
Hagan, Smithson* and Doerr, 1983). 

The American alligator occupies most major aquatic habitats at the Plant where 
water temperatures are suitable and food supplies are adequate (Du Pont, 1985)* 
Lar^e alligator nonulat ions occu nv Par Pond and Beaver Dam Greek - areas that 
receive cooling water but have only moderately elevated temperatures* The Par 
Pond population has been studied most intensively; historically it has shown 
population parameters that indicated reduced reproduction in relation to more 
southerly populations. However, recent surveys indicated more extensive 
reproduction and a normalization of the age and sex structures (Du Pont, 
1985). Recent surveys also indicate that Beaver Dam Creek might represent the 
most dense population of American alligators (Du Pont, 1985) . At least 40 
individuals were documented in less than 6 kilometers of the stream; clear 
evidence (i.e. , two "pods" of hatchlings located 100 meters apart ) indicated 
recent and successful reproduction (Du Pont, 1985)* 

Reproducing populations of alligators are known to occur in both post- thermal 
SRP stream systems , Steel Creek and Lower Three Runs Creek (Du Pont, 1985)* A 
few all igators have been observed to move ups tream in the reactor ef f luent 
streams when the reactors are not operating. Experimental studies confirm 
that alligators avoid lethal water temperatures associated with reactor start- 
up, even in winter when the animals 7 metabolic rates are low (Du Pont, 1985). 

ijivj. ujJti-tn- auhlj uavg j-in^jc*^ i-^u j_iic; ai- J- a.gai-ui. ^ujvu-Lat-Luu iu ma. 14 j U4.j-icj.cui. mayo » 

The creation of manmade reservoirs has dramatically increased the amount of 
aquatic habitat available to alligators* Therefore, it has increased the 
carrying capacity of the Plant for this species (Du Pont, 1985). 

The thermal alteration of aquatic habitats has also impacted the resident 
alligator population (Du Pont, 1985)* Temperature elevations greater than 
38 °C result in the loss of this habitat to alligators * Alligators respond 
to moderate thermal increases by moving to other locations . Observations 
suggest that alligators might utilize vertical and horizontal temperature 
profiles established by thermal loading to maintain their body temperatures at 
a preferred level ; definitive data have not been collected (Murphy, 1981) . 
Alligators around areas of thermal loading might also profit from extended 
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breeding seasons or increased productivity by prey species. A serious nega- 
tive influence of moderate levels of thermal loading appears to result from 
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use of thermal areas by adult male and female alligators (Murphy, 1981). 

The current information available on the alligators of the Savannah River 
Plant suggests the following predicted trend: low density populations distant 
from thermally altered areas will continue at a low density with the exception 
of localized increases. The alligators inhabiting Par Pond should continue a 
trend toward a more normal size distribution and sex ratio as the reservoir 
matures and the older adults are replaced by the young (Du Pont, 1985). 

C.6.2 WOOD STORKS 

During the last 50 years the wood stork population declined from an estimated 
20,000 breeding pairs in the early 1930s to approximately 4800 pairs in 1980 
and 3650 pairs in 1983 (Ogden and Nesbitt, 1979; Odgen and Patty, 1981; DOI, 
1983). FWS has listed the wood stork as an endangered species (DOI, 1984; 50 
TC CFR 17.11 and 17.12). 

The most northern and inland wood stork colony is located at Big Dukes Pond, a 
cypress swamp 12.6 kilometers northwest of Milien, Jenkins County, Georgia 
(Du Pont , 1985 ) . This colony, referred to as the Birdsville colony, is the 
source of the birds foraging at 5RP. The Plant is 45 kilometers from the 
Birdsville colony, a distance within the 60- to 70-kilometer radius that wood 
storks can travel during daily feeding flights (Du Pont, 1985). 

The wood stork method of feeding is highly specialized. Wood storks wade in 

shallow pools, 15 to 30 centimeters deep, with their bills extended slightly 

forward and submerged as far as the external nares and opened about 8 centi- 
me fdrc ai - fli» 1--ir\e liTh^rj a c ■hrHi-lr t-r**tr>h£i e f ich r\r nt-hor nrpu wi hh 4 t- o Villi. 

the bird snaps the bill shut, capturing the prey. This method has been termed 
tactolocation. This feeding technique allows wood storks to forage in muddy 
or turbid water where birds that hunt visually cannot feed. To feed effi- 
ciently, storks forage in ponds where prey are concentrated. It is important 
that the birds feed in areas where prey are densely concentrated during the 
breeding season because food requirements are greatest when adults are caring 
for chicks (Kahl, 1964; Du Pont, 1985). 

Wood storks are colonial nesters. They build large nests in trees, usually 
over standing water. Nest heights range from a few meters above water in 
mangrove swamps to the tops of the tallest cypress trees ( Taxodium sp. ) (Ogden 
and Nesbitt, 1979). Storks use cypress trees for nesting habitat most often; 
however, in southern Florida they use red mangrove, Rhizophoro mangle (Kahl, 
1964). 

Wood storks breed during the dry season when evaporation in shallow ponds 
concentrates the prey (Du Pont, 1985). Breeding lasts about 120 days, 
including time for courtship and nest-building* Two to five white eggs are 
incubated for 28 to 30 days. During the first 30 days after hatching, the 
young are attended by one parent while the other parent forages* During this 
period the chicks gain the ability to thermoregulate and grow to a size at 
which they are no longer vulnerable to their major predators, crows and vul- 
tures. As the food demand of the chicks exceeds the level that one parent can 
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provide, the young are left alone at the nest while both parents forage* The 
young leave the rookery after about 65 days (Kahl, 1964), 

Kahl (1964) estimated that during the breeding season the minimum fish biomass 
needed by a nesting pair of storks and an average of 2.25 fledge young was 
201 kilograms. Feeding habitat, including cypress swamps and domes , scrub 
cypress, freshwater marshes , and mixed hardwood swamp , must be available 
within 60 to 70 kilometers of the stork colony. These habitats must also be 
productive enough to maintain fish populations at levels sufficient to allow 
an annual take by the colony equal to about 201 kilograms times the number of 
nesting pairs (Meyers, 1984), 

Wood stork feeding sites for the Birdsville colony were studied during the 
second half of the nesting season in 1983 and for most of the 1984 and 1985 
nesting season (Meyers, 1984; Coulter, 1986a, b). Feeding sites were located 
by following storks from the nesting colony and by surveying the SRP Savannah 
River swamp and other habitats near the colony. The following information was 
gathered from this research: 



Wood storks at Birdsville produced an average of 2.2 fledglings per 
active nest during 1983. About the same number of young were observed 
in 1984 (2*4 fledglings) and 1985 (2.5 fledglings) * When the loss of 
entire nests is considered, the mean number of young per nest declined 
from 2.04 in 1984 to 0.33 in 1985, 



Wood storks forage up to 80 kilometers from the colony, but a majority 
(91 percent) of feeding flights during 1983 were less than 50 kilo- 
meters. During 1984, more than 80 percent of the foraging sites were 
within 20 kilometers and 55 percent were within 10 kilometers of the 
colony. During 1985, most sites (89 percent) were within 20 kilometers 
of the colony, and 46 percent were within 10 kilometers of the rookerv. 

Of the 50 feeding sites located during 1983, 18 percent were located in 
SRP swamps (3 sites at the Steel Creek delta, 5 sites at Beaver Dam 
Creek, and 1 site near the Pen Branch delta) in 1983. Similar areas at 
SRP were used in 1984, along with additional foraging sites in the 
swamp between Pen Branch and Four Mile Creek. Two wood storks were 
observed feeding in Kathwood Lake on August 5 , 1984; no other sitings 
were recorded during the surveys . In 1985 , 58 percent of the feeding 
sites were in swamps and 23 percent were in Carolina bays and ponds. 

Before fledging (when young birds leave the nest) in 1984, 33 percent 
of the feeding sites were located at SRP. However, of the total number 
of adult storks observed feeding at that time, 64 percent were at SRP 
sites and 36 percent were not * During 1985 , no wood storks were 
observed feeding at SRP prior to fledging. 

After fledging, juvenile wood storks did not feed at SRP sites in 1983* 
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In 1983 - storks fed in shallow nools with an average of 6.2 
depths between 10 and 32 centimeters. In 1984 and 1985, the median 
water depth was 22 and 21 centimeters, respectively. Habitat types for 
1983-1985 included black gum swamp, cypress swamp, shrub swamp, open 
marsh, manmade ponds, and Carolina bays used as feeding sites. 
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Habitat use varied markedly from 1983 to 1985* The Steel Creek delta 
was heavily used in 1983 and 1984 , but was infrequently used in 1985 . 
Reaver Dam Creek was important to wood storks in 1983 and 1984. but 
none were observed there in 1985 . The greatest use in 1985 was 
recorded on the Four Mile Creek delta and in the area between this 
delta and the Pen Branch delta. 



Direct and indirect effects from thermal effluent discharge from SRP 
facilities probably limit the potential use of the Savannah River swamp 
by foraging adult wood storks. 
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If the Florida colonies continue to decline, the tfirdsville colony will 
become relatively more important to the wood stork. 



C.6.3 SHORTNOSE STURGEON 
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The shortnose sturgeon is listed by the National Marine Fisheries Service 
(NMFS) as an endangered species in the United States (Du Pont, 1985; 50 CFR 
17.11 and 17*12). This species is found only on the east coast of North 
America in tidal rivers and estuaries* Until recently, the presence of short- 
nose sturgeon had not been documented in the middle reaches of the Savannah 
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near the Savannah River Plant as part of the SRP aquatic ecology program (see 
Section C.5.2. 2; DOE, 1987) . Because the shortnose sturgeon is anadromous, 
protection of this species is under jurisdiction of the NMFS. Critical 
habitat for this species has not been designated by the NMFS (Du Pont, 1985). 



Breeding populations of shortnose sturgeon are normally associated with 
estuary-river complexes that have a strong flow of fresh water. The shortnose 
sturgeon's endangered species status has stimulated recent investigations that 
have shown it to be more abundant in some drainage systems than had been 
previously known (Brundage and Meadows, 1982). 
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Shortnose sturgeon have been found in rivers , estuaries , and the ocean with 
their greatest abundance occurring in the estuary of their respective rivers 
(Dadswell et al . , 1982). The few fish that have been captured at sea were 
found within a few miles of the mouth of an estuarine system. The species is 
primarily anadromous, but access to the sea is apparently not a requirement 
for reproductive success . Landlocked populations have been reported in the 
Holyoke Pool section of the Connecticut River (Taubert, 1980a ,b) and the Lake 
Marion-Moultrie system in South Carolina (Marchette and Smiley, 1982). 



Spawning of shortnose sturgeon occurs between February and May, depending on 
the latitude. The major factor governing spawning appears to be temperature, 
although other factors include the occurrence of freshets and substrate char- 
acter (Dadswell et ai., 1982). Several investigators have reported shortnose 
sturgeon spawning to occur between 9°C and 19°C (Heidt and Gilbert, 1978; 
Dadswell, 1979; Taubert, 1980a; Buckley and Kynard* 1981). Specific spawning 
grounds for populations in southeastern rivers have not been described. The 
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feeding grounds, and overwintering areas. 
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Although a segment of the Savannah River shortnose sturgeon population spawns 
upstream of SRP cooling water intake canals, entrainment of eggs is unlikely 
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(Du Pont, 1985 ). Sturgeon eggs are demersal and are usually deposited on 
rubble and gravel substrate (Buckley, 1982; Taubert, 1980b)* Whether this 

Substrate is utillZfiH nr ^V^nl^hl^ tr\ the* Saunrifiah Diver rirtnnl ar-i i-i-n le nr^r 

known * However , the nega t ive buoyancy and s t rong ly adhes ive » ge lat inous 
nature of the eggs preclude significant downstream transport or dispersion of 
eggs through the water column (Pottle and Dadswell, 1979). 

Collections made near SRP indicate that some shortnose sturgeon larvae might 
be entrained (see Section C.5.2,2). However, it is not possible to accurately 
estimate entrainment losses due to the low number of specimens collected , 
Given the small number of shortnose sturgeon larvae collected and the 
relatively extensive ichthyoplankton sampling effort in the vicinity of the 
SRI* site, the number of larvae entrained probably is small and their loss does 
not represent an adverse effect on the Savannah River shortnose sturgeon 
population (Du Pont, 1985), 

In January 1983, one 147-millimeter juvenile Atlantic sturgeon was impinged on 
the intake screens (Du Pont , 1985 ) . Thus , shortnose sturgeon might be 
impinged. However, there is no evidence that Atlantic or shortnose sturgeon 
commonly inhabit the intake canals. Shortnose sturgeon, unless injured, 
should be able to avoid the intake screens because their swim speed exceeds 

fhi= niimnhniiCO inf-alra Tral r\f^A t-ir ( T\* i Drtnt- 1 OO^ ^ 
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Potential direct thermal effects on the shortnose sturgeon are limited to 
existing and any future thermal plumes in the Savannah River, Thermal plumes 
should not affect adults because they can avoid these areas; at present, a 
large zone of passage exists in the Savannah River for all migratory species 
(Du Pont, 1985)- Eggs are not planktonic and should not drift through the 
plumes; however, newly hatched larvae could be swept into the plume under 
conditions of high water flow or drift downstream as part of a normal disper- 
sion process. Although there are no temperature tolerance data on larval 
shortnose sturgeon, larvae drifting through the plume near the mouth of Four 
Mile Creek might not survive* This potential effect is expected to be limited 
because only adults spawning immediately above the thermal plume and larvae 
drifting through the hottest part of the thermal plume would be affected 
(Du Pont, 1985). 

The NNFS had previously concurred in DOE ' s determination that the population 
of shortnose sturgeon in the Savannah River would not be adversely affected by 
SRP operations (Oravetz, 1983). 

C.6.4 RED-COCKADED WOODPECKER 

The red-cockaded woodpecker was once a common bird in the mature pine forests 
of the Southeast, Today its range and population have been reduced through 
loss of habitat. It is unique among North American woodpeckers in its selec- 
tion of mature, living pines for cavity excavation (Jackson, 1978). The 
disappearance of mature pine forests (Whalenberg, 1946, 1960; Lennartz et al., 
1983) has resulted in fragmentation of the required habitat. As a result, 
many red-cockaded woodpecker populations exist in isolated mature pine 
reserves (Jackson, 19 77) . 

The red-cockaded woodpecker has a complex cooperative breeding system 
(Lennartz and Harlow, 1979). These birds live in groups called clans, are 
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nonmigratory , and maintain large year-round territories (Ligon, 1970) . The 
clan can consist of from two to nine birds, but there is never more than one 
Ht-o^Httio- nair. The other adults are usually males called helpers. Some clans 
have no helpers, but others might have as many as three* The helpers assist 
in incubating eggs, making new cavities, feeding the young, and defending the 
clan's territory, A breeding male can live for several years . When he dies, 
one of the helpers usually inherits the status of breeding male (Lennartz and 
Harlow, 1979). 

A clan nests and roosts in a group of cavity trees called a colony* Cavities 
are made in live pine trees. Each clan member tries to have a cavity for 
roosting. Birds without cavities in live trees often roost in forks between 
limbs or in cavities of dead trees, A cavity is seldom excavated in one year, 
and most take several years of work (Jackson, Lennartz, and Hooper, 1979)* 

The red-cockaded woodpecker nests between late April and July. Only the 
breeding male courts and mates with the female* The female usually lays two 
to four eggs in the breeding male ' s roost cavity. The breeding male stays 
with the eggs at night and the clan members take turns incubating during the 
day. The eggs hatch in 10 to 12 days. Young birds leave the nest in about 
25 days (Ligon, 1970). The clan spends a great deal of time looking for 
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The birds will scale the bark and dig into dead limbs for spiders, ants, 
cockroaches, centipedes, and the eggs and larvae of various insects* 

The clan defends year-round a territory surrounding the colony. Territories 
range from less than 100 acres to more than 250 acres. The total area used by 
the clan can be as large as 1000 acres. 

The Savannah River Forest Station's wildlife management program has concen- 
trated on red-cockaded woodpecker habitat improvement since 1979* In July 
1980, an intensive program was started to reduce encroaching hardwood under- 
story in several colonies* The objective was to provide the open, park-like 
mature pine stands that are required * This type of habitat is scarce at SRP . 
About one- third of the forest area has been planted since 1951 and will 
require 30 or more years to provide suitable habitat. Much of the remaining 
area is either scrub oak or bottomland hardwoods* 

The Forest Service is in the process of evaluating inventoried colonies of 
red-cockaded woodpeckers and their habitats and determining which habitats 
should be improved* No active colonies are located near the areas of proposed 
alternative cooling water system construction. In 1987, the Plant had three 
active breeding colonies , and the Southeastern Forest Experiment Station 
successfully cross-fostered two chicks from the Francis Marion National Forest 
to stabilize and increase the genetic diversity of the colonies, 

C*6,5 BALD EAGLE 

The federally endangered bald eagle is a fairly common permanent breeding 

+-w uj.vi\#4lW J.1I JULILLI \yai,Ullll£l OHU J-O IIITJ O*- ClJ_fKJ.lJ.VjltJ.lit- -1-11 LllU IwUUtJ^-tAJ. 4,< U -£J-fc,S.."<i- \W£»-.i->_fcl*l_ 

and Chamberlain, 1970) . The presence of this species on Par Pond was first 
recorded in May 1959 (Norris 1963), and has been frequently sighted since 1978 
(Mayer et al., 1986)* From September 1984 through August 1985, Mayer et al . 
(1986 ) reported 36 bald eagles, 92 percent of which were observed on the Par 
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Pond reservoir system; no active nests, however, were found- From September 
1985 to January 1986, a total of 22 birds was observed, some of which were 
seen in the vicinity of the newly constructed L-Lake reservoir system- 
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Bald eagles migrate from southeastern to northern states and Canada in 
mid-summer; they return south in the fall and early winter to nest and rear TC 
their young (Sprunt and Chamberlain, 1970)* 

The first sighting of an active bald eagle nest occurred on June 5, 1986, 
below Par Pond dam in the Lower Three Runs Creek drainage area, and two 
eaglets fledged from the nest in 1987. Because this nest is outside the 
preferred alternative cooling impact zones and because of the implementation TC 
of management practices in accordance with the guidelines of the 1984 bald 
eagle recovery plan, the FWS issued a finding of no effect to this species in 
1986 (Henry, 1986). 

C.7 COMMERCIALLY AND RECREATIONALLY VALUABLE BIOTA 

Commercially valuable plant biota on the Savannah River Plant include approxi- 
mately 175,000 acres of timber that are managed by the Forest Service. The 
commercial value of SRP timber that was managed and sold by the Forest Service 
in 1982 was $1-7 million; this included pine and hardwood sawtiraber, pine 
pulpwood, and cordwood hardwoods. Approximately 71 percent of the timber 
sales consisted of pine pulpwood. The longterm trend in planting activities 
has been an increase in the number of loblolly pine and a decrease in slash 
pine. The latter is more susceptible to injury from ice glazing and has not 
been planted since 1970, More than 1,530,000 loblolly pine seedlings and TE 
160,000 longleaf pine seedlings were planted in 1980 (USDA, 1983). 

Public hunts of deer and feral hogs, managed by the Forest Service, began in 
1965 . These hunts minimize deer-car accidents and maintain habitat quality* TE 
Since 1981, Du Pont personnel have planned and managed these hunts. 

The annual number of hunter-days increased from 700 in 1966 to 6325 in 1980; 
paralleling this trend was an increase from 198 deer harvested in 1966 to 961 
in 1980, The harvest of feral hogs ranged from 10 in 1972 to 32 in 1980. 
Additionally, there has been a relatively consistent decline in the number of 
deer-car accidents. In the late 1960s and early 1970s, there were more than 
50 deer-car accidents; only 11 incidents were reported in 1980. 
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Other game species that have commercial and recreational value but have 
protection from hunting include the bobcat, fox, mink, muskrat, opossum, 
otter, rabbit, raccoon, skunk, squirrel, migratory waterfowl, bobwhite quail, 
mourning dove, wild turkey, Wilson's snipe, and woodcock. 

The Savannah River supports both commercial and sports fisheries. Table C-31 
lists the species and catches of fish taken commercially from the river from 
1970 to 1979. Many of these fisheries are confined to the marine and brackish 
waters of the coastal regions of South Carolina and Georgia, 

The only commercial fishes of significance near SRP are the American shad, the 
channel catfish, and the Atlantic sturgeon. These species, except for the 
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1970 


1971 


1972 


1973 
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1977 
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1979 


Carp 





250 


252 


1,503 


590 


998 


136 


453 




136 


363 


Catfish 


544 


157 


222 


5t8 


726 


1,814 


1,043 
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Black drum 
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Red drum 
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Hickory shad 
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Spotted sea trout 
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American shad 


43,591 


25,568 


25,439 


33,912 


26,263 


20,412 


8,618 


20,820 


54 
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Sturgeon 
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Source: Du Pont, 1982, 



sturgeon, are exploited to a limited degree by nonprofessional local fisher- 
men. There is no fishery specifically for hickory shad in South Carolina or 
Georgia; however, many are taken each year incidental to the catch of American 
shad (Ulrich et al., 1978). 

Sport fishermen are the principal consumers of river fishes, primarily sunf ish 
and crappie. Striped bass , which is classified as a game fish in South 
Carolina and Georgia (Ulrich et al. , 1978), is a favorite quarry of fishermen 
in the Augusta area. 

Commercial and recreational fisheries for blueback herring exist in South 
Carolina (Ulrich et al., 1978), but none are taken commercially in Georgia 
because of state netting restrictions. 

Although species of commercial or sport fishing importance in the Savannah 
River might use SRP streams, DOE does not allow fishing or other exploitation 
of commercial species. 

The Fisheries Section of the Georgia Department of Natural Resources published 
the results of a creel survey in the estuarine and fresh-water sections of the 
Savannah River from December 29, 1979 to December 26, 1980 (Georgia Game and 
Fish Division, 1982) * The most abundant species harvested in the fresh-water 
section were bluegills (29.1 percent), redbreast sunfish (27.5 percent), 
warmouth (10.6 percent) , bullheads (7.1 percent), and crappie (6*2 percent) . 
Those fish species comprising the greatest weight were bluegills (19.8 per- 
cent), redbreast sunfish (21.1 percent), warmouth (8.2 percent), largemouth 
bass (7.3 percent), and crappie (7.0 percent). Based on electrof ishing 
studies conducted by the Georgia Game and Fish Division, the relative abun- 
dance of sunfish in the freshwater section of the river is high, as is the 
actual angler success rate. The success rate for largemouth bass (0.04 per- 
cent fish per hour) was low* The average—size striked bass (5*21 kilograms) 
creeled in fresh water was over four times greater than the average-size 
striped bass (1.19 kilograms) creeled in the estuary. 

The most abundant species harvested in the estuarine section were croakers and 
spots (24.5 percent) , white catfish (17*4 percent) , silver perch (11.3 per- 
cent) , and other species (26.3 percent) * Species comprising the greatest 
weight were white catfish (23*9 percent)* red drum (16.0 percent), and sea 
trout (12.9 percent). Angler success rates for all species were very low. 

The greatest fishing effort in the estuary was expended for sea trout 
(42.1 percent), striped bass (29*9 percent), and red drum (17.3 percent). The 
five most sought-after species in fresh water were largemouth bass (38.0 per- 
cent) , sunfish (30.5 percent) , redbreast sunfish (12.7 percent), crappie 
(7*7 percent), and catfish (5.4 percent). 

DOE (1987) cites evaluations made of the fishery resources in the Savannah 
River downstream of the New Savannah Bluff Lock and Dam during 1980-1982. 
Average annual sport fishing harvest from the freshwater portions of the river 
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1982 to 550,282 fish/year in 1980 (3 year averages = 305,778 fish/year). BD _ 5 
Dominant species in the sport harvest were redbreast sunfish (27.2 percent) 
and bluegill (24.1 percent, Table C-28), The composite category of bream 
accounted for 64.0 percent of the total angler catch. The composite category 
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of catfish also represented a substantial portion of the sport harvest 
(14.6 percent), with bullhead spp* (8.2 percent) as the major reported taxon 
within this category, Crappie (8.0 percent) represented a substantial 
component of the sport harvest and was comparable to warmouth (7,3 percent) . 
No other species (or species group) represented greater than five percent of 
the sport harvest. Notably, anadromous species (striped bass, 0. 2 percent; 
American shad , 1.7 percent ) did not contribute substantially to the angler ' s 
harvest. However, American shad harvest may be underestimated because of the 
development of a fishery for this species near the New Savannah Bluff Lock and 
Dam, while the assessment for this species emphasized downstream areas of the 
river. 
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contrast to angler preferences. Approximately 35 percent of angler fishing 
effort was directed toward bream (composite reporting category plus individual 
species ), while 64 percent of the harvest was from this category (Table C-32). 
The relationship between effort and harvest was even more disparate for large- 
mouth bass; 25.7 percent of the fishing effort was targeted toward this 
species, while it constituted only 3.2 percent of the catch. Overall, catfish 
were not highly desired (approximately 7 percent of effort) , but were caught 
in slightly greater proportion (14,6 percent) , American shad (7.8 percent of 
effort) and striped bass (4.7 percent of effort) were caught in substantially 
lower abundances than desired by sport fishermen, the disparity being 
comparable to that exhibited for largemouth bass. 



Impingement relative abundances for all taxa of catfish [bullhead spp. 
(2,1 percent), channel catfish (0.8 percent) and white catfish (1,3 percent)] 
were lower than relative abundances for those taxa in the creel (8.2 percent, 
4.2 percent, and 2.1 percent, respectively Figure C-9). However, the relative 
abundances of these taxa in hoop-net collections from the river were substan- 
tially higher than for either impingement or angler catches. The disparity 
between relative abundances of catfish taxa in elect rof ishing and hoop-net 
collections suggests that catfish are a substantial component of the Savannah 
River ichthyof auna, and that e lee trof ishing provides poor estimates of the 
abundance of these taxa. 

American shad, striped bass and hybrid bass were minor components in all the 
collection methods (angling, electrof ishing, hoop-netting, impingement, Figure 
C-9) . The abundance of the migratory American shad and striped bass in the 
Savannah River near SRP was undoubtedly underestimated during the quarterly 
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impingement collections (approximately 100 collections throughout the year) is 
highly encouraging because it indicates that adults and juveniles of these 
species are minimally influenced by impingement mortality associated with SRP 
operations. 



C.8 HABITAT EVALUATION PROCEDURES ANALYSIS 
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The potential effects on wildlife of the implementation of thermal mitigation 
alternatives for C- and K-Reactors were evaluated using Habitat Evaluation 
Procedures (HEP) developed by the U.S. Fish and Wildlife Service (FWS) and 
modified by the Savannah River Laboratory for the Savannah River Plant (SRP) 
environment (Mackey et al . , 1987). These procedures allow for the relative 
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Table C-32. Fishes Preferred and Caught by Savannah 

River Sport Fishermen 3 



Taxon 



Bream 

Redbreast sunf ish 

Bluegill 
Warmouth 
Redear sunfish 

Largemouth bass 

Crappie 

Yellow Perch 

Catfish 

Bullhead spp* 
Channel catfish 
White catfish 

Chain pickerel 

Ame r i c an s had 

Striped bass 

Hybrid bass 

Other 



Percent Angler 


Percent Angler 


Effort 


Catch 


24.9 


64. b 


8.7 


27.2 


1.0 


24.1 


0.1 


7.3 


0.4 


4.4 


25.7 


3.2 


10.7 


8.0 


1.3 


3.0 


7.0 


14.6" 


0.4 


8.2 


<0.1 


4.2 


0.5 


2.1 


0.5 


0.9 


7.8 


1.7 


4.7 


0.2 


4.4 


0.3 


1.9 


4.1 



BB-3 
BD-5 



Total 



100.0 



100.0 



a* Source: DOE, 1987. 

b. Sum of taxa within category. 



ranking of project alternatives and/or mitigation with respect to represent- 
ative wildlife species over the life of the project or for selected time 
periods in the future. The Department of Energy™Savannah River was requested 
by the FWS to provide an HEP analysis for the cooling water alternative for 
these reactors during the comment period on the Draft EIS. 

For C- and K-Reactors the potential wildlife impacts and/or benefits of 
once-through and recirculating cooling towers were evaluated for both 
near- term (30-year) and long-term (100-year) time periods. These options were 
evaluated against the projected effects of the current operations , i.e. , 
release of once-through cooling water effluent directly to Four Mile Creek and 
Pen Branch from C- and K-Reactors, respectively* Those species that were 
selected as representative of potential project effects in terrestrial 
environments included the pine warbler, downy woodpecker, cottontail rabbit, 
gray squirrel , white- tailed deer, and eastern wild turkey. Those species 
selected to represent aquatic and /or semi-aquatic environments included the 
creek chub, redbreast sunfish, black bullhead catfish, blueback herring, great 
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base for the habitat cover maps for the HEP assessment was developed using 
Geographic Information System (GIS) methods and remote sensing aerial photo- 
graphy and multispectral scanner data. Much of the data to predict future 
changes in Four Mile Creek, Pen Branch, and the SRP Savannah River swamp was 
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developed from previous remote sensing studies and from the Comprehensive 
Cooling Water Study (CCWS) and L-Reactor restart studies* 

For the various cooling water alternatives, the following relative rankings of 
future wildlife effects were determined. Effects on terrestrial wildlife from 
construction of the once- through and recirculation cooling towers are essen- 
tially equal since in both cases either type of tower would be constructed at 
the same location and pipeline and other support facilities would affect 
essentially the same locations* Small stream species, such as the creek chub, 
benefit more from the recirculation alternative in the upper reaches of the 
creeks* In the middle and lower reaches, species such as the catfish and 
sunf ish benefit more from the once- through alternative. In the deep swamp 
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spawning period benefit more from the recirculation alternative* In the 
Savannah River swamp, wading birds such as the great egret benefit more from 
the recirculation alternative. Overwintering waterfowl such as the mallard 
benefit more either from the present SRP operations or from the once-through 
cooling tower. These alternatives either maintain the existing "marsh" type 
environment in the swamp for wintering waterfowl or permit expansion of this 
type of habitat as deep swamp wetlands ( cypress/ tupelo) are reduced and 
converted to more open wetlands by the future release of high flows of cooling 
water effluent. Similar trends were noted for both C- and K-Reactors for both 
the short-term 30-year and long-term 100-year analyses. 
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APPENDIX D 
RADIOCESIUM INVENTORY AND TRANSPORT AND ATMOSPHERIC TRITIUM RELEASES 

This appendix discusses the existing releases of radionuclides, principally 
radiocesium, to the Beaver Dam Creek, Four Mile Creek, and Indian Grave Branch/ 
Pen Branch systems; describes the estimated distribution and inventory of 
radiocesium in the sediments , fish, and water of the creeks , swamp, and 
Savannah River; examines the transport of radiocesiuni of f site; and predicts 
the concentrations in the Savannah River and downstream water- treatment plants 
as a result of implementation of the alternative cooling water systems . This 
appendix also describes the atmospheric releases of tritium associated with 
the discharge of cooling water from existing and alternative cooling water 
systems* 

D.l RELEASES OF RADIOCESIUM 

The principal sources of radiocesium in the environment at the Savannah River 
Plant have been reactor effluent discharges to onsite streams and releases 
from the chemical separations facilities in F- and H-Areas. From 1955 through 
1980, about 560 curies of radiocesium were discharged to all onsite streams 
(DOE, 1984a). 

From 1960 through 1980, approximately 21 . 9 and 16*2 (both decay corrected to 
1980) curies of cesium-137 were discharged to Indian Grave Branch/Pen Branch 
and Four Mile Creek from K- and C-Reactors, respectively (Table D~l). These 
discharges resulted from leaching of reactor fuel elements with cladding fail- 
ures that exposed the underlying fuel to water. The direct sources of these 
releases were heat-exchanger cooling water, spent— fuel storage and disassembly- 
basin effluents , and process water from K- and C-Reactor areas • In addition 
to these reactor effluent discharges , approximately 0. 7 curies of cesium-137 
(decay corrected to 1980) was released to Four Mile Creek from the chemical 

separations facilities in F- and H-Areas, and 21 .9 curies (decay corrected to 
i oon '^ rt f ^^« ■; ,« m n7 ..,** *-^ i ^-.^^j *-~ c«,,^ m^ i ,-. n«,-.^ir „ „„ i *- A r A ^ rt „ rt „fi 
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of high-level waste in 1967* Generally, the longer lived cesium-137 will be 
of greater interest than cesium-134, A cesium-134 to cesium-137 ratio of 1:20 
is expected (DOE, 1984a) in creek sediments . Further, special low-level 
analyses of water samples from the Savannah River have not detected cesium-134 
attributable to Plant releases since the program was initiated in March 1983 
(Hayes, 1986)* When the change in radionuclide transport due to operation of 
the alternative cooling water systems is considered , both forms of cesium are 
identified. 

Through 1980, releases of radiocesium to Beaver Dam Creek amounted to only 
0.004 curie (decay corrected) * These small releases occurred from the D-Area 
heavy-water production facility (Du Pont , 1985a) * A summary of releases 
through 1980 to Beaver Dam Creek is also presented in Table D-l. 
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Table D-l . Radiocesium Releases (Ci) 1960 Through 1980'*' 



Creek 



Radionuclide Source Total release 



Total release, 
decay corrected 
to 1980 



Indian Grave Branch/ 
Pen Branch 



Rppvpt Dflm Hrppk 



Four Mile Creek 



Cs-134 


K 


Cs-L37 


K 


Cs-134 


n 


Cs-137 


D 


Cs-134 


C 


Cs-137 


C 


Cs-137 


F 


Cs-137 


H 


Cs-137 


H 



0.19 
24,442 



Total: 



a 

b 
c 



0.03 
16.2 



Total: 24.63 Total: 16*23 



0.004 





Total: 


0.004 


0.063 




0.01 


31.092 




21.9 


0.632 




0.53 


0.206 




0.18 


41.160 




30.8 


73.15 


Total: 


53.42 



Du Pont, 1985a. 

All releases are direct liquid releases to onsite streams. 

In 1967, overflow of high-level waste to ground and nearby storm sewer 

occurred when flow from 242-H evaporator to Tank 9 was restricted by 

formation of crystals. 



D.2 DISTRIBUTION OF RADIOCESIUM 



D.2.1 SEDIMENTS 



Most of the cesium-137 that has been discharged to onsite creeks by SRP opera- 
tions and fallout from offsite weapons testing became associated with the 
silts and clays found in the streambed and suspended solids. The principal 
mechanisms for this association were (1) cation and sorption processes ex- 
change with kaolinite and gibbsite clay minerals, and (2) chelation with natu- 
rally occurring organic material. Table D-2 shows the variation in sand, 
silt, and clay content; total carbon content : and ion pyrh^n&P r-ana^-i \-v in 
sediment depth increments of 0-5 and 5-10 centimeters in floodplain soils of 
the three creeks (Du Pont, 1985a). A distribution coefficient of K d = 3960, 
measured for sediments from Four Mile Creek and Steel Creek (Kiser, 1979), and 
the work by Prout (1958) demonstrate the affinity of cesium-137 for the sedi- 
ments and suspended solids in the creek systems* 

As a result of these affinities, sedimentation and sorption processes control 
the distribution of cesium-137 within the creeks and deltas and the adjoining 
Savannah River swamp. The resuspension, transport, and deposition of sediment 
are governed by the hydraulic properties of the sediment and streambeds and by 
the creeks' flow regimes. 
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Table D-2. Results of Floodplain Sediment-Characterization Analysis 

for Beaver Dam Creek, Four Mile Creek, and Indian Grave 
Branch/Pen Branch* 



Creek 



Location/ 



depth increment 



Composition (%) Total 
organic 



Cation- 
exchange 
capac i ty 
Sand Silt Clay (%C) (meq/lOOg) 



cai'buii 



Indian Grave 
Branch/ 
Pen Branch 



Road 3 
0-5 cm 
5-10 cm 



61 
75 



20 
14 



19 
11 



7.4 
6.2 



3.8 
3.8 



Indian Grave 
Branch at 
Road B 

0-5 cm 

5-10 cm 



19 
19 



60 
60 



21 
21 



1.3 
0.9 



5,8 
4.1 



Swamp between 
Four Mile 
Creek and 
Pen Branch 

0-5 cm 

5-10 cm 



23 
17 



43 
37 



34 

46 



7*1 
5.0 



13,4 

-i -t n 

ll . y 



Delta 
0-5 cm 
5-10 cm 



15 
49 



48 
28 



37 
23 



4.7 
3.3 



13.2 
9.7 



Stave Island 
0-5 cm 
5-10 cm 



72 
68 



6 

11 



22 
21 



24.1 
18.0 



17.3 

15.6 



Beaver Dam Creek 



Downstream of 

D— Area effluent 
0-5 cm 
5-10 cm 



39 

51 



42 
36 



19 
13 



8.7 
10.4 



7.5 
2.3 



Four Mile Creek 



Road A-12.2 

South 
0-5 cm 
5-10 cm 

Mouth 
0-5 cm 
5-10 cm 

Road 3 

0-5 cm 
5-10 cm 



40 


24 


36 


11.4 


17 


26 


57 


5.9 


17 


53 


30 


2.1 


41 


32 


27 


1.2 


79 


12 


9 


7.1 


90 


4 


6 


2.4 



7.6 

8.0 



11.7 
7.7 



7.8 

2.5 
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Table D-2 



Results of Floodplain Sediment-Characterization Analysis 
for Beaver Dam Creek, Four Mile Creek, and Indian Grave 
Branch/ Pen Branch 3 (continued) 





Location/ 


Compo 


sition 


(X) 


Total 
organic 
carbon 


Cation- 
exchange 










capacity 


Creek 


depth increment 


Sand 


Silt 


Clay 


(%C) 


(meq/lOOg) 


Four Mile Creek 


Road A 












(continued) 


0-5 cm 


33 


42 


25 


0-1 


10.1 




5-10 cm 


33 


29 


38 


0.3 


11.2 




Delta 














0-5 cm 


34 


42 


24 


5.5 


10-9 




5-10 cm 


46 


28 


26 


2,6 






Mouth 














0-5 cm 


52 


29 


19 


1.9 


15.9 




5-10 cm 


51 


28 


21 


1,2 


13,5 



a, Du Pont (1985a), 



A 1 rrii-%c? t- 



1 1 COrllTlianh 
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of major reactor discharges . Since 1968, little change has occurred in the 
sedimentation patterns or in the channel-delta configurations (Ruby, Reinhart^ 
and Reel, 1981). 

D*2.1,l Beaver Dam Creek Sediments 

Concentrations of cesium-137 in Beaver Dam Creek sediments are presented in 
Table D-3* Cesium-137 concentrations ranged from 0.20 picocurie per gram at 
the south arm near Road A-12.2 to 1.13 picocurie at the mouth. These concen- 
trations are very low compared to data from the other onsite streams . 

D.2.1.2 Four Mile Creek Sediments 



Cesium-137 has been monitored routinely in Four Mile Creek sediments since 
1977. These data are presented in Table D-4 (Du Pont, 1985a, bh Sediment 
cesium-137 concentrations along Four Mile Creek ranged from 0.4 to 20. 3 (mean 
= 8*6) picocuries per gram, dry weight , at the creek-swamp confluence and from 
11 to 80.3 (mean = 35,3) picocuries per gram, dry weight, at Road A-7 upstream 
of thermal influence. In general, concentrations at both Four Mile Creek sta- 
tions clearly reflected SRP releases, while Savannah River floodplain sediment 
concentrations downstream of Four Mile Creek were within ranges associated 
with global fallout as high as 1.0 picocurie per gram. 
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Table D-3. Concentrations of Cesium-137 

(pCi/g, Dry Weight) in Beaver 
Dam Creek Sediments 3 



Core Location Concentration 



Below 400-D (b) 

South Arm Road A-12.2 0.20 

Mouth 1.13 

a~. Du Pont, 1985a, 

b . Not detec table above background . 

D.2*1.3 Pen Branch/Indian Grave Branch Sediments 

Cesium-137 has been monitored routinely in Pen Branch/Indian Grave Branch sed- 
iments since 1977. Table D-5 presents these data (Du Pont, 1985a, b). Because 
the Pen Branch flow joins the flow of Steel Creek before its entry into the 
Savannah River, the routine f loodplain sediment-monitoring stations at the 
Steel Creek mouth and in the Savannah River downstream of Little Hell Landing 
were used for data analysis for both the Pen Branch and Steel Creek systems 
(Du Pont, 1985a). 

D.2-1-4 Swamn and Savannah R.iver Sediments 

Beginning in 1974, comprehensive radiological surveys were made of the 
Savannah River swamp, including the 1235-acre, uninhabited, privately owned 
Creek Plantation Swamp (Figure D-l), and of the soil and the vegetation. Soil 
cores collected in 1974 showed that about 70 percent of the cesium-137 was 
confined to the upper 6 to 7 centimeters but that cesium was detectable at 
depths of 25 centimeters (Ashley and Zeigler, 1975). The 1982 values were 
appreciably less than those for 1974, but slightly lower on the average than 
those for 1977 . Mean values at comparable locations averaged 33 * 3 (1982) , 
39.8 (1977), and 75.9 picocuries per gram (1974) (Du Pont, 1983b). 

D.2,1,5 Savannah River Sediments 

In 1974, riverbed sediments from downstream of the Savannah River Plant con- 
tained average radio cesium concentrations from about 2 picocuries per gram at 
the U.S. Highway 301 bridge (River Mile 118.7) near Millhaven, Georgia, to 6.5 
picocuries per gram at the Georgia Highway 119 bridge (River Mile 61.5) near 
Clyo, Georgia* Table D-6 summarizes more recent monitoring data for Savannah 

D*2.1.6 Bea ufort-Jasper Water Treatment Plant Sediments 

A radiological survey of the raw-water and backwash holding-pond sediments at 
the Beaufort- Jasper water treatment plant was performed in November 1982 
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Table D-4. Concentrations of Gesiuin-137 (pCi/g, Dry Weight) 

in Four Mile Creek Sediments 



Source Location (sampling year) Concentrations 



Du Pont, 1985a i! Road A-7 (198A) 70.6 

Road 3 (198A) A3 -3 

C -Reactor effluent (198A) 0.26 

Road A (198A) 28.8 

Road A-12.21 (1984) 24.1 

Road A-12.2 (1984) 6.9 

Swamp entrance (1984) 10.5 

Swamp entrance (1984) 10.4 

Swamp entrance (1984) 10.3 

Swamn entrance (1984) 29.0 

Mouth (1984) 0,53 

Mouth (1984) 0.79 

Road A-7 (1977-1983) 35.2 + 55. b 
Four Mile Creek Swamp 

(1977-1983) 8.6 + 15.9 
Savannah River downstream 

of Four Mile Creek 

(1977-1983) 0.4 + 0.5 



Du Pont, 1985b Road A-7 (1984) 18 + 0.18 

A-7A, Beaver Pond (1984) 49 + 0.60 
Discharge at swamp (1984) 0.5 + 0.02 



c 



a. Du Pont, 1985a; these data are grouped into two categories. 
The first 12 entries are one-time samples, each 7.6 centimeters 
deep and 15.2 centimeters wide, collected in 1984. The last 
six entries are 7-year averages of f loodplain sediment 

1__ Tn____ 7 £. *--J m „t- m ~, A j-l .-..-* TN-i,,~l-l--i-r%1rt f^mnl a<r> e* r\vr\— 

samples* inese are / . o — utJULniieLei.— ucc^j juun-ipic oom|jj.go wwm 
posited for analysis that were collected between 1977 and 
1983. 

b. Error term is 2 standard deviations of 7-year mean. 

c. Error term is 2-sigma counting error* 

(Du Pont, 1985a)* Cesium-137 concentrations in the sediment from the raw- 
water holding pond are about one-tenth those from the backwash pond sediment, 
which is Drincioallv floe. Backwash floe from the North Augusta water treat- 
ment plant, which is upriver from the Plant, has cesium-137 concentrations 
similar to those at the Beaufort-Jasper plant. These cesium-137 concentra- 
tions are low, generally less than 1 picocurie per gram, and within the 
concentration range of cesium-137 in sediments from other locations in South 
Carolina not influenced by the Savannah River Plant (Hayes, 1983a). 
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Table D-5 . Concentrations of Cesium-137 (pCi/g, Dry Weight) 

in Indian Grave Branch/Pen Branch Sediments 



Source Location (sampling year ) Concentrations 



Vu Pont 1985a 3 Road B-3 (1984) 0.10 

K effluent at Road B 
on Indian Grave Branch 
(1984) 
Road A-13.1 (1984) 
Road A-13. 2 (1984) 
Swamp along Road A-13 (1984) 
Swamp along Road A-13 (1984) 
Swamp entrance ( 1984 ) 
Swani^ entrance ( 1 984 ^ 
Swamp entrance (1984) 
Swamp entrance (1984) 
Swamp near Stave Island (1984) 
Swamp near Stave Island (1984) 








.6 






7 


.7 









.10 






2 


.2 






5 


.0 









.31 






o 


.57 









.72 









.31 






1 


.3 









.43 




4, 


2 + f>-' 


- b 
> 


14 


.4 + 46 


.3 



Pen Branch discharge at 

swamp (1977-1983) 
Steel Creek-Pen Branch 

Mouth (1977-1983) 
Savannah River downstream of 

Little Hell Landing 

(1977-1983) 2.7 ± 7.9 

Du Pont, 1985b Pen Branch discharge at 

swamp (1984) 0.3 + 0.02 c 

a. Du Pont , 1985a; these data are grouped into two categories . The 
first 12 entries are one-time samples, each 7, 6 centimeters deep 

are 7-year averages of floodplain sediment samples * These are 
7.6-centimeter-deep multiple samples composited for analysis that 
were collected between 1977 and 1983* 

b . Error term is 2 s tandard deviations of 7-year mean * 
c * Error term is 2-sigma counting error. 



D.2.2 BIOTA 

When K- and C-Reactors are not operating, the Pen Branch and Four Mile Creek 
delta areas provide roosting and feeding habitat for migratory ducks . The 
cesium-137 concentration in flesh from these ducks is expected to reflect 
their cesium-contaminated environment (Marter , 1974; Fend ley, 1978) - 

Whole-body bioaccumulation factors for fish taken from the river at the U.S. 
Highway 301 bridge from 1965 to 1970 average about 2903 picocuries per gram 
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Figure D-1, Locations of Transects Used for Collecting Soil Cores and 
Vegetation Samples in Savannah River Swamp, Including 
1235-acre Creek Plantation Swamp 
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Table D— 6 . Cesium— 137 Concentrations (pCi/g, Dry Weight ) in 
Savannah River Sediments (0-8cm depth) a 



Location 



River Average, 

mile 1975-1979 1980 1981 1982 1983 1984 



Dernier ' s Landing * 
Downriver of 
Four Nile Creek 
Upriver of 

Little Hell Landing 
Downriver of 

Little Hell Landing 
Upriver of 

Lower Three Runs Creek 
U.S. Highway 301 bridge 
GA Highway 119 bridge 



160.5 


0.5 


0.2 


0.07 


0.03 


a. 13 


0.21 


150.2 


0.7 


0.2 


0.4 


0.25 


0.20 


(d) 


136.6 


0.8 


0.2 


0.7 


0.7 


0.25 


0.34 


134.0 


3.9 


0.4 


0.5 


0.1 


0.39 


0.37 


129.5 


0.8 


0.4 


0.5 


fd) 


0.32 


0.76 


118.7 


1.7 


1.1 


0.07 


0.5 


0.50 


(d) 


61.5 


6.5° 


(d) 


(d) 


(d) 


(d) 


(d) 



a. Sources: Ashley and Zeigler, 1976, 1978a, b, 1981; DOE, 1984a 

b. Control above plant. 

c. Based on 1975 data only* 

d. No analysis performed. 



I Table D-7). The mean bioaccumulation factor for 20 species of fish (527 spe- 
cimens) from Steel Creek was found to be 2019 whole-body and 3029 flesh 
(Smith, Sharitz, and Gladden, 1982a, b; Ribble and Smith, 1983), A fish flesh 
bioaccumulation factor of 3000, 1*5 times the value recommended in the NRC 
LADTAP-II computer code (Simpson and McGill , 1980) , was chosen for dose- 
assessment analyses in this document. 

D.2.3 WATER 



Based on the low concentration of cesium-137 in Beaver Dam Creek sediment and 
the nature of operations in D-Area, which do not involve cesium-137, the con- 
centration in water is expected to be negligible. 

D, 2.3.2 Four Mile Creek 



Annual mean cesium-134 and cesium-137 concentrations in Four Mile Creek water 
(nominally based on 12 measurements per year at Road A) are presented in 
Table D-8, From 1978 to 1986 the annual mean concentrations remained low, 
ranging from 0.45 to 2. A picocuries per liter and from 0.30 to 1.6 picocuries 
per liter for cesium- 134 and cesium-137, respectively. However, the indi- 
vidual measurements exhibit considerable variability, with standard deviations 
typically ranging from about 1 to 2 times their respective annual mean value. 
In addition, the 95 percent confidence limit for the counting error was 
usually several times the reported value. 
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Table D-7. Radiocesium Whole-Body Bioaccumulation Factors for Fish 

from Steel Creek and Savannah River' 1 



Year 



1 QfR 

1966 
1967 
1968 
1969 
1970 
1981 



Steel Creek 
(Road A) 



Maximum 



2385 
5490 
3958 
3792 d 



Savannah River 



Average Downriver of Steel Creek 



1355 
2353 
1639 
2019 e 



1626 
1975 
5528 
4058 
4848 
1111 



Hwy 301 bridge 



3902 
1111 
1707 
2174 
7273 
1250 



Arithmetic 
mean 



1842 



3191 



2903 



Geometric 
mean 



1802 



2700 



2295 



a. Adapted from Marter, 1970a, b; Du Pont, 1982; and Smith, Sharitz, and 

oiaaaen, 1^0^,0. 
b* Values are averages. 

c. Data not available* 

d* Mean of 53 specimens of largemouth bass, for which maximum whole-body bio- 
accumulation factors were measured in 1981. Maximum bioaccumulation 
factor measured for largemouth bass was 4780* One specimen of American 
eel had a bioaccumulation factor of 8300. 

e. Mean of 527 specimens representing 20 species* 
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The cesium-134 data are suspect because the reported concentrations of 
cesium-134 are greater than the cesium-137 concentrations. A cesium- 134 to 
cesium-137 ratio of 1:20 is expected (DOE, 1984a)* Further, special low-level 
analyses of water samples from the Savannah River have not detected cesium-134 
attributable to Plant releases since the program was initiated in March 1983 
(Hayes, 1986). 

D. 2.3-3 Fen Branch/Indian Grave Branch 

Table D-8 also lists the cesium-134 and cesium-137 concentrations for Pen 
Branch/ Indian Grave Branch. Ranges similar to those for Four Mile Creek were 
observed . From 1978 to 1986 , annual mean concentrations ranged from 1.0 to 
2.0 picocuries per liter and from Q*12 to 1.6 picocuries per liter for 
cesium-134 and cesium-137, respectively. As noted in Section D*2.3*2, the 
data exhibit considerable variability and the 95-percent confidence limits for 
the counting error were typically several times the measured values . The 
cesium-134 data are suspect for the reasons stated in Section D.2.3.2* 
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Table D-8 . 



Creek 



Annual Mean Concentrations of Cesium- 134 and Cesium-137 
CpCi/liter) in Water of Four Mile Creek and Indian Grave 
Branch/ Pen Branch' 1 



Annual Mean Concentration (pCi/L) b 



Location 1978 1979 1980 1981 1982 1983 1984 1985 1986 



Pen Branch Road A 
Cesium-134 
Cesium— 137 

Four Mile Creek Road A 
Cesium-134 
Cesium-137 



1.4 


(c) 


(c) 


1.2 


1.0 


2.0 


1.4 


1.7 


(c) 


0.26 


(c) 


(c) 


0.40 


0.53 


1.6 


0.12 


0.42 


(d) 


0.78 


(c) 


(c) 


0.77 


0.45 


1.3 


1.4 


2.4 


(c) 


0.48 


(c) 


(c) 


0.58 


0.30 


1.6 


0.65 


0.43 


(d) 
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a. Sources: Ashley et al*, 1982; Zeigler, Gulp, and Smith, 1983; Ashley, 
Padezanin, and Zeigler, 1984a; Du Pont, 1985b; Ashley and Zeigler, 1981, 
1984; Zeigler, Lawrimore, and Heath, 1986; Zeigler, et al*, 1987. 

b. Mean values were below the minimum detectable concentration for cesium, 
using standard techniques* 

c. No value reported. 

d. Not detected. 



D. 2.3.4 Savannah River 

The concentrations of cesium-137 in the Savannah River have been monitored 
routinely since I960. The highest concentrations were measured in the early 
1960s as a result of SRP releases and nuclear weapons test fallout (Figure 
D-2) . Radiocesium concentrations are diluted as the flow of the Savannah 
River increases downriver from the Savannah River Plant, and as these 
radionuclides are deposited in the river channel and floodplain (Hayes and 
Boni, 1983). 

Results of recent special low-level cesiuni-137 measurements of Savannah River 
water samples are presented in Table D— 9 . In 1983 , prior to the restart of 
L-Reactor, the concentration of cesium-137 in the river attributable to the 
Savannah River Plant was 0.046 picocurie per liter (difference between upriver 
and downriver average values)* With a total river flow at the Highway 301 
Bridge (the downriver monitoring station) of 1,189 x 10 liters during 1983 
(Du Pont, 1984a), the annual release of cesium-137 to the river from the Plant 



1 i„«-„j 

Welti (JcU-CUJ-iil-trU 



i — i -T *- r\ c. c -~i ~ x_ 1 n o /. i_i t 4 — j -t - -i _ i_ _ . i_ 

lu ue auuui u.jj cunt:. _lh iyo4 Liie l t: ± t: ci fc. t: t> njuaiea aooui 



0.57 curie , following the same calculation methodology (Table D-9 and Du Pont , 
1985b). 

D.2.3.5 Water-Treatment Plants 

The North Augusta, South Carolina, water- treatment plant is about 20 River 
Miles above the Savannah River Plant . There are no known individuals who con- 
sume Savannah River water for a distance of about 120 River Miles downriver of 
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Table D-9. Special Low-Level Cesium-137 Measurements in Water 



Location 



Savannah River 



Year 



Concentration , pC i/L 



No. of 
Analyses ** 



Maximum' 



Minimum ' 



Average 1 



Shell Bluff 




1983 


11 


(Upriver) 




1984 


37 






1985 


28 






i not 
r zfuxj 


i. -J 


Highway 301 




1983 


13 


(Downriver) 




1984 


51 






1985 


28 






1986 


46 


Water Treatment 


Facil 


itv 




Port Wentworth, 


GA 


1983 


21 


Raw 




1984 


28 






1985 


15 






1986 


19 


Port Wentworth, 


GA 


1983 


33 


Finished 




1984 


31 






1985 


18 






1986 


23 


Beaufort-Jasper 


SC 


1983 


19 


Raw 




1984 


31 






1985 


14 






1986 


22 


Beaufort-Jasper 


SC 


1983 


33 


Fini<;hpd 




1QR/1 


79. 






1985 


15 






1986 


21 



0.024 ± 0.005 
0.029 1 Q.003 
0.032 +- 0.004 



0.113 ± 0.016 

0. 106 ± 0.007 

0.211 ± 0.010 e 

0.213 + 0.004 



0.057 ± 0.008 
0.037 ± 0.005 
0.069 ± 0.003 
0.098 ± 0.003 

0.048 ± 0,009 
0.035 ± 0.006 
0.060 ± 0.003 
0.089 ± 0,006 

0.066 ± 0.014 
0.052 ± 0.001 
0.144 ± 0.025 f 
0.080 ± 0.003 

0.039 + 0.006 
n r Q24 f .006 
0.022 + 0.002 
0.044 + 0.004 



0.012 f 0.006 
0.004 ± 0.001 
0.007 + 0.002 



0.035 + 0.010 
0.031 + 0.002 
0.023 ± 0.006 
0.057 +- 0.002 



0.023 + 0,006 
0.022 ± 0.004 
0.016 ± 0,003 
0.022 ± 0.002 

0.020 ± 0.004 
0.017 + 0.020 
0.013 ± 0.005 
0,023 ± 0.002 

0,019 ± 0.007 
0.020 t 0.004 
0.018 ± 0.005 
0.040 + 0.005 

0.013 ± 0,005 
. 009 + . 002 
0.008 7 0.002 
0.006 f 0.002 



0.017 + 0.008 
0.012 f 0.011 
0.015 f 0.007 



L> . U U f 



0.063 i 0.042 
0.065 ± 0.037 
0.071 ± 0.038 
0.114 + 0.038 



0.04S ± 0,017 
0.032 ± 0.010 
0.049 ± 0,031 
0.064 ± 0.016 

0,036 ± 0.019 
0.026 ± 0.011 
0,036 ± 0.022 
0.051 ± 0.015 

0,042 ± 0.027 

0.031 ± 0.022 

0,043 ± 0.063 

0.063 ± 0,011 

0.024 ± 0,015 
0.016 + 0.010 
0.013 ± 0.009 
0.020 +- 0,010 



BC-22 



a. 
b. 

c. 
d. 

f . 



Adapted from DOE 1987. 

Represents number of times analyses were performed on samples obtained from continuous 

samplers. 

+ value is the 2 sigma counting uncertainty. 

+ value is the 2 sigma standard deviation about the mean. 

These slightly higher Cs-137 concentrations occurred the first month after 

on October 31 , 1985, 

Occurred in April during construction activities in the canal between the 

treatment plant. 



L-Reactor restart 
river and water 
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the Plant. At this distance (River Mile 39.2) and beyond (River Mile 29-0) 
are the Beaufort-Jasper and Cherokee Hill water-treatment plants, respectively. 
The Beaufort-Jasper water-treatment plant pumps water from the river through a 
2.4-kilometer-long inlet canal that connects to an open canal* This open, 
unlined canal flows 29 kilometers to the water-treatment plant (Du Pont, 
1983a). The Cherokee Hill water-treatment plant pumps water from the Savannah 
River above the U.S. Interstate Highway 95 bridge; the water is piped about 11 
kilometers to the plant (Du Font* 1983a). 

A special program was initiated in March 1983 to measure the effect of 
L-Reactor restart on the cesium-137 and cobalt-60 concentrations in the raw 
and f inished water in the downriver water treatment plants (Beaufort-Jasper 
and Cherokee Hill). The concentrations of these two radionuclides are so low 
in the raw and finished water that samples of 300-400 liters were required. A 
special resin was used to concentrate the radionuclides. Analysis was 
performed in an ultra low-level counting facility; counting was performed for 
about 16 hours (Hayes, 1987). Results of these studies for cesium-137 are 
presented in Table D-9. 



D,3 INVENTORY OF CESIUM-137 

The decay-corrected inventory of cesium-137 releases to onsite streams from 
1960 through 1980 totaled 414.18 curies (Du Pont, 1985a). Most cesium-137 
releases to onsite streams during this period originated from L- and P-Reactor 
areas (to Steel Creek) and R-Reactor area (to Lower Three Runs Creek), Two 
methods (Table D-10) were used to estimate the inventory of cesium-137 remain- 
ing in the onsite streams. The first method (Method 1, Table D-10) is based 
on the extensive sampling of Steel Creek, Studies of cesium-137 in Steel 
Creek based on core samples up to 1 meter in length and categorized by soil 
type, sample depth interval, and creek section identified 67.1 curies (decay 
corrected to 1981) between the area above L-Reactor and the delta (Smith, 
Sharitz, and Gladden, 1982a, b). This value is about 33 percent of the amount 
of cesium-137 released to Steel Creek (201*23 curies). To calculate the 
estimated inventory of cesium-137 remaining in the other streams , the release 
values were multiplied by 0.33, assuming that the Steel Creek ratio of remain- 
ing cesium-137 to the total amount released is the same for all streams . The 
second method (Method 2, Table D-10), from the Comprehensive Cooling Water 
Study (DuPont, 1985a), uses a mass-balance approach* Using this approach, 
the amount of cesium-137 (decay corrected to 1980) remaining in an onsite 
stream was calculated by multiplying the total cesium-vk37 released to the 
stream between 1960 and 1980 by about 76 percent, ox/ the ratio of total 
cesium-137 released to all SRP streams (about 414 curies, decay corrected to 
1980) minus the total cesium-137 in transport (about 100 curies, decay cor- 
rected to 1980) to the total cesium-137 released t<j>' all SRP streams. 

The three creeks of concern - Four Mile Creek, Beaver Dam Creek, and Pen 
Branch/ Indian Grave Branch - contain only about 17 percent of the total 
cesium-137 remaining onsite. This amounts to 23.22 curies if Method 1 is used 
to derive the estimate. 
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Table D-10. 



Cos i urn- 1 37 Inventory Remaining in 
Estimated by Two Methods 3 



Onsite Streams as 



Stream 



Total release 
1960 through 
1980 h (Ci) 



Percent 
of total 
release^ 


12.9 
0-0 



Nethod 1 
(using Steel 
Creek sampl ing 
data) cl (Ci) 



Method 2 
{mass balance 
approach)*" (Ci 



Four Mile Creek 53.42 

Beaver Dam Creek 0.0 

Indian Grave/ 

Pen Branch 16- 23 

Total of all 

SRP streams 414. 18 



3.9 



100 



17.81 
0.0 

5.41 

138.10 



40.59 
0-0 

12.27 
314.65 



a 
b 

c 
d, 



Sources: DOE, 1984a; Du Pont, 1985a. 

Sum of cesium-134 and cesium-137 activities {Du Pont, 1985a). All values decay 
corrected to 1980. 

Total decay-corrected {to 1980) cesium-137 releases from 1960 through 1980. 
L-Reactor EIS (DOE, 1984a) uses 67.1 curies as the estimate of cesium-137 remaining 
in Steel Creek. This value is about 33 percent of amount of cesium-137 released to 
Steel Creek (201.23 curies). Values for other streams were calculated by multi- 
plying release value by 0.33, assuming that the ratio of remaining cesium-137 to 
the total released for Steel Creek is the same for the other onsite creeks. All 
values decay corrected to 1980. 

Values calculated by multiplying percentage of total releases by 314.65 (414.18 
99.53) curies. All values decay corrected to i960. 
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D.4 REMOBILIZATION OF RADIOCESIUM 

The amount of cesium-137 transported from onsite streams to the Savannah River 
resulting from the implementation of the alternative cooling water systems for 
K- and C-Reactors was estimated on the basis of data from routine monitoring 
in Four Mile Creek and Pen Branch (Sections D.2.3.2 and D.2.3.3) and detailed 
monitoring in Steel Creek (Hayes, 1983c; DOE, 1984a; Zeigler et al., 1987). 
Special low-level monitoring techniques have shown that the Plant is not 
releasing cesium-134 to the Savannah River. Therefore, the remobilization of 
cesium-134 is not considered here. 

Measurements in Steel Creek at stream flows of about 3,5 cubic meters per 



second showed 



LIlcLL 
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to be governed by a reequilibriation process between the water and the cesium 
in the creekbed and floodplain sediments. Hence, transport was found to be 
proportional to creek flow (Hayes, 1983c). 

To estimate the remobilization of cesium-137 from Four Mile Creek, Pen Branch, 
Steel Creek, and Lower Three Runs Creek as the result of the existing cooling 
water systems, the annual flow volume from each creek was multiplied by the 
appropriate mean concentration of cesium-137* Because these cesium-137 
concentrations were determined by standard techniques and are less than the 
limits of detection, the cesium transported by the individual creeks and 
assumed to reach the Savannah River was adjusted so the sum of the creek 
BC-22 contributions matched the total contribution from the Plant, as estimated in 
Section D, 2,3,4, As indicated in Table D-ll, the transport from the Plant 
creeks in 1983, based on standard counting techniques, is calculated to total 
1*25 curies, with 0.54 curie from Four Mile Creek. However, the total Plant 
contribution to the River, based on special low-level counting methods, is 
estimated to be 0,55 curie. Thus, the contribution from Four Mile Creek was 
reduced to 44 percent [(0,55/1,25) x 100 = 44 percent) of the calculated value 
of 1*25 curies, or 0.24 curie of cesium-137. 

As indicated in Table D-ll, the average total stream flows below Road A for 
Pen Branch and Four Mile Creek are about equal, approximately 3.0 x 10 
liters per year, or 9.75 cubic meters per second. This flow for the existing 
cooling water systems for K- and C-Reactors is assumed to be the same as that 
for the once- through cooling- tower alternatives. The recirculating cooling- 
tower alternatives would have substantially less flow, 1 ,08 and 1 ,35 cubic 
meters per second for K- and C-Reactors » respectively. Thus , cesium-137 
recp.QhiliEat ion under these alternatives would be a nn rQxima telv 13*8 and 11*1 
percent, respectively, of the "full-flow" alternatives . 

For K-Reactor, the recirculating coo ling- tower alternative would result in a 
decrease in the release of cesium-137 of about 0.12 curie per year. For 
C^Reactor, it would result in a decrease in the release of approximately 0-21 
curie per year . 
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Table D-12 lists the estimated amounts of cesium-137 remobilized for each 
alternative cooling water system, calculated as outlined above. 
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Tab}e D~1 1 . Parameter Vaiues for Cesium-137 Remcbilization Estimatesa 



Table D-11, Parameter Values for Cesium-137 Remobil ization Estimates 3 



I 



Condi tion 


Year 


Four Mi le 
Creeks 


Pen 
Branch 1 * 


Steel 
Creek b 


Lower 
Three Runs 
Creek* 


Total 

Calculated 

releases 


Savannah 
River c 


Adjustment 
factor 


Total flow 
(10 M liters) 


1983 


3.34 


2.43 


0.57 


0.59 




118.900 




Annual mean 
Cs-137 (pCi/1) 




1.60 


1 .60 


3.00 


2.50 




0.046 




Calculated transport 
(curies Cs-137) 




0.54 


0.39 


0.17 


0.15 


1.25 


0.550 


0.44 


Adjusted transport 
(curies Cs-137) 




0.24 


0.17 


0.07 


0,07 


0.55 






Total flow 
(10" liters) 


1984 


3.31 


3.41 


0,73 


0,70 




107.100 




Annual mean 
Cs-137 (pCi/1) 




0.65 


0.12 


1 .40 


M0 




0.053 




Calculated transport 
(curies Cs-137) 




0,22 


0.04 


0.10 


0.08 


0.44 


0.570 


1.30 


Adjusted transport 
(curies Cs-137) 




0.29 


0.05 


0.13 


0.10 


0.57 






Total flow 
(10" liters) 


1985 


2.59 


3.19 


0.41 


0.56 




80.220 




Annual mean 
Cs-137 (pCi/1) 




0.43 


0.42 


0.28 


0.56 




0.056 




Calculated transport 
(curies Cs-137) 




0.11 


0.13 


0.01 


0.03 


0.28 


0.450 


1.61 


Adjusted transport 
(curies Cs-137) 




0.18 


0.21 


0.02 


0.05 


0.46 






Estimated releases 

to SR, existing system 

(curies Cs-137) 


Mean 

1983- 
1985 


0.24 


0.14 












Annual total flow 
(10 11 liters) 




3,08 


3.01 













a. Annual flow (below Road A) and cesium-137 concentration data from Ashley, Padezanin, and Zeigler (1984b); 
Bennett et al . (1983, 1984, and 1985); Du Pont (1985b); Zeigler, Lawrimore, and Heath (1986); and Zeigler et al . 
(1987), 

b. Cesium-137 concentrations in SRP streams measured by standard techniques; reported values less than the limits 
of detection, 

c. Cesium-137 concentrations in Savannah River measured by special low-level techniques; annual average concentra- 
tions attributable to SRP operations determined by subtracting downriver average from the upriver average (see 
Table D-9). 
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Table D-12. Estimated Cesium-137 Releases to Savannah River from 

C- and K-Reactors in First Year for Each Cooling Water 
Alternative 



Alternative 



Reactor 



Recirculating cooling towers 

Once-through cooling tower, 

existing system to Indian Grave Branch 

Recirculating cooling tower 



f\^. s* .-. _t-V**-rtii rt-1^ /Mini inrr f - m«r*n V 
^IlLC — HUUU511 ^uviiLig, ^v/itv^*. , 

existing system to Four Mile Creek 



K' 
K 

C 



Release to 
River (Ci) 



0.02 
0.14 

0.03 
0.24 



Change 
release 



in 
(Ci) 



-0.12 
0,0 

-0.21 
0.0 



a. 

b. 

c * 



Discharges from K-Reactor flow into Indian Grave Branch/Pen Branch. 
Either a mechanical- or a natural-draft once- through cooling-tower that 
receives its water by pumping or gravity feed. 
Discharges from C-Reactor flow into Four Mile Creek. 



D.5 TRITIUM AND OTHER RADIONUCLIDE RELEASES 
D.5.1 TRITIUM RELEASES AND INVENTORY 

Tritium accounts for more than. 99 percent of the radioactivity in the Savannah 
River, From 1960 through 1978, about 1.4 x 10 f> curies of tritium of SRP 
origin were in transport in the Savannah River, The peak tritium concentra- 
tion in river water downstream of the Plant was 14 picocuries per milliliter* 
recorded in 1961 and 1963. A summary of tritium concentration data appears in 
Table D-13. 

The sources of tritium in liquid effluents include direct release from SRP 
facilities (42 percent) and migration of tritium from the burial ground, 
F- and H-Area seepage basins* and the K-Area containment basin (58 percent) 
(Du Pont, 1984a). Migration occurs when tritium that has been released to the 
basin in previous years reaches SRP streams via groundwater that outcrops into 
the streams . Tritium migrating from the C-Area seepage basins has not been 
detected* 

Table D-14 presents the tritium releases through 1980 for individual streams. 
Tritium monitoring data indicate that essentially all tritium released from 
the Plant in liquid effluents moves down SRP streams to the Savannah River 
(Du Pont, 1984a, 1985b), 
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Table D-l 3 - Average Tritium Concentrations (pCi/nil) in Four Mile Creek, Beaver Dam Creek, 
Indian Grave Branch/Pen Branch, and Savannah River 3 



Concentration 



Location 



1953-1981 



1978 1979 



1980 



1981 



1982 



1983 1984 Average 



4S.4 



Beaver Dam Creek 
effluent 



47 



28 



34 



38 



73 



69 



SO 



Four Mile Creek 
Road A 



200 



96 



80 



61 



61 



58 



61 



88. 1 



Indian Grave Branch/ 
Pen Branch 



K effluent 




2.1 


23 


7.1 


3.6 


7.8 


19 


7,6 


10.0 


Road A 




38 


46 


31 


35 


32 


29 


32 


34.7 


Savannah River 




















Above Plant 


1.04 


0.39 


0-38 


0.39 


0.21 


0.36 


0.31 


0.33 


0.34 


Above Four Mile Creek 


(b) 


1 . 9 


1 .6 


1 .4 


2 ,9 


3 . 2 


2 . 5 


2 , 5 




Highway 301 


7.55 


3.9 


3-1 


3,2 


4,1 


4.3 


3.3 


3.3 


3,6 



a. Sources: Ashley and Zeigler, 1981; Zeigler, Culp, and Smith, 1983; Ashley, Padezanin, 
and Zeigler, 1984a, b; Du Pont, 1985a, b; Ashley et al . , 1982. 

b. Not analyzed. 
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Table D-14. Tritium Releases to Four Mile Creek, Beaver 

Dam Creek, and Indian Grave Branch/Pen Branch 
Throueh 1980 a 



Creek Source* Release (Ci) 



Four Mile Creek C 249,380 

F 260 

F sbm 39,324 

H 1,172 

H sbm 98,432 

Total 388,568 

Beaver Dam Creek D c 124,090 

Indian Grave Branch/ K 212,180 

Pen Branch K sbm 145,390 

Total 357,570 






b. sbm = seepage basin migration. Entries not so labeled 
represent areas of direct liquid releases. 

c. Releases were from D-Area heavy-water production facility. 

Tritium releases to the Savannah River have decreased significantly since the 
early 1960s when the maximum tritium releases occurred (Du Pont, 1985a,b). 
The following process control improvements have caused the reduction: 

• The elimination of a continuous purge from the reactor-area disassembly 
basins in the late 1960s, which allowed longer holdup time for tritium 
decay (the half-life of tritium is 12 years) and some evaporation. 

• The development of equipment and techniques to flush and contain the 
tritium-bearing moderator present on fuel and target housings during 
disassembly-basin discharge. 

• The diversion of disassembly-basin purges from streams to seepage 
basins in P- and C-Areas in 1978, which allowed a longer holdup time 
for radioactive decay before migration to streams via groundwater. 

in addition, total tritium releases were reduced by the shutdown of R-Reactor 
in June 1964 and of L-Reactor from February 1968 until October 1985, 

D.5.2 EFFECTS OF ALTERNATIVE COOLING WATER SYSTEMS ON TRITIUM RELEASES 

Source terms used to calculate the current cumulative impact from liquid 

releases tn t^h^ Qavannih D -; -ir^ *- ~* -*~ n nv . n ^ ^.^*- ^.^i -r_ <-p„ L i ~ r\ ic m_ _ ?. 

»-*^. uu-uiiiiau i\j.vci. aic pic&ciiLcu ±n iduiti u-lj. unauges in 
releases of tritium as a result of alternative cooling water systems are pre- 
sented in Table D-16. 
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Table D-15. Tritium and other Radionuclide Releases Used for 

Calculating Changes in Release Rates (Ci/yr) a 



Beaver Dam Four Mile Indian Grave Branch/ Total 
Nuclide Creek Creek Pen Branch release" 



H-3 2,80 x 10" 1.35 x 10* 1.18 x 10" 3.08 x 10* 

Co-58,60 - 2,64 x 10"' 2.94 x 10' 4 7,41 x 10"" 

C^ Ofl fiA 1 t r, ._ i r\— £ i-#ii -i rt - t -i ^ « -. rt — :i ,_ _, ^. -i^-1 

J1 " U ?)?U 1.4Z X 1U 3.<4y X 1U l.JZ X 1U 3./Z X IU 

Pu-239 3.25 x lO"" 1.13 x 10"" 7.86 x 10~ 5 1.19 x 10"' 

U-235,238 - 6.23 x 10"' 



a. Values are 5-year averages s 1980 through 1984, provided by Du Pont. ~" 

b. Total releases also include Tims Branch/Upper Three Runs Creek', Par Pond/ 
Lower Three Runs Creek, and Steel Creek. 



Table D-16. Changes in Release of Tritium to Savannah River from 

K- and C-Reactors in First Year for Each Cooling 
Water Alternative* 4 



Alternative cooling water system Reactor Change in release (Ci) 



Kecirculating cooling towers K -425 

Once-through cooling tower, b 

discharge to Indian Grave Branch K -50.0 

Recirculating cooling towers C -425 

Once-through cooling tower, b 

discharge to Four Mile Creek C -50.0 

a. DOE, 1984b. 

b. Either a mechanical or a natural -draft once- through cooling- 
tower that receives its water by pumping or gravity feed. 

The release of tritium to the Savannah River for the K- and C-Reactor once- 
through coo ling- tower alternatives (pumped or gravity feed and mechanical or 
natural draft) is expected to be reduced by about 50 curies per year because 
of increased evaporation and a corresponding increase in the tritium released 
to the atmosphere . Similarly, the tritium released to the Savannah River from 
the K- and C-Reactor recirculating cooling- tower alternatives would also be 
reduced by about 425 curies and a correspondingly greater increase in the 
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tritium released to the atmosphere* The difference between the release rates 
of the recirculating cooling towers and once-through cooling tower is based on 
the differences in cooling-tower evaporation and blowdown rates. 

D.5,3 OTHER RADIONUCLIDE RELEASES TO ONSITE STREAMS 

Source terms for other radionuclides are presented in Table D-15* 
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APPENDIX E 
ARCHAEOLOGICAL AND HISTORIC RESOURCES 



In accordance with the National Environmental Policy Act of 1969 » Executive 
Order 11593, the National Historic Preservation Act of 1966 (as amended in 
1986), and the Archaeological and Historic Preservation Act of 1974, archaeo- 
logical and historic surveys were conducted for the analysis of the environ- 
mental consequences of the cooling water alternatives proposed for K- and 
C-Reactors and the D-Area powerhouse. These surveys focused on the watersheds 
of Pen Branch, Four Mile Creek, and Beaver Dam Creek, into which cooling water 
is discharged from these facilities* 

This appendix describes the results of these surveys. In addition, it con- 
tains a list of sites in the six-county area near the Savannah River Plant 
(SRP) that are included in the National Register of Historic Places. 



£•1 PEN BRANCH AND FOUR MILE CREEK ARCHAEOLOGICAL AND HISTORIC RESOURCES 

An intensive archaeological surve v of the Pen Branch and Four Mile Creek areas 
was conducted by the Savannah River Plant Archaeological Research Program, 
South Carolina Institute of Archaeology and Anthropology, from May 16 through 
August 17, 1984, at the request of the DOE Savannah River Operations Office 
(Martin, Hanson, and Brooks, 1984). At the time the survey was performed, 
cooling lakes were among the potential cooling water alternatives under con- 
sideration. Consequently, the survey focused on the proposed impoundment 
areas* Additionally, the areas that might be disturbed by the alternatives 
addressed in this environmental impact statement were encompassed by the 
survey. Table E-l lists the sites included in this survey* 

The survey located 65 discrete archaeological resources in the Pen Branch and 
Four Mile Creek watersheds. Analysis of the data recovered during the survey 
revealed human occupation from the Early Archaic through the Mississippian 
Period and from the 1780s through the 1950s. Table E-l lists each of the 
sites by identification number, and presents information regarding periods of 
site occupation, site type, National Register eligibility, and recommended 
future activities at the site* Figure E-l shows the location of these sites* 

TI-. *-. .«-J+-rtr* 1 rtfi f rtrl s4 <■ • -v* ^i vt sv 4- Vi *-. f nT*iraif i*ra vc* ^ i iri j^q/1 lnlr* f - (-1 v a *3 *> ffn i n C t~ f^ PVal iiato 
XllC S1LC3 lU^atCU ULU- J-H£ tuc OUJ-v^j « t a. t u. J- ■* j-ux^u. xulu wliu,^ ^j-v^-j.^^. ^-w ^ * u. j. u-u. w v. 

nomination eligibility for zhe National Register (36 CFR 63.3)* The groups 
are (1) those sites that are not significant, (2) those that are potentially 
significant, and (3) those that are significant* Sites characterized as 
significant have sufficient content , integrity, and scientific importance to 
warrant their eligibility for the National Register . These sites would suffer 
adverse effects from any human activity that altered or destroyed the 
immediate environment . 

Of the 65 sites , 42 are considered not significant because of low site 
integrity and the limited research potential. Factors contributing to the 
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Table E-l * Archaeological Resource Summary for Sites Recovered 

During Survey of Pen Branch and Four Mile Creek 



Eligible for 
nomination 



Recommended site 
preservation plan if 





Period 


of 




to 


National 


ground disturbance 


Site 


occupation 




n .-. ._ * „ *. „ _ 
ivt;^±a Lei 


occurs 


38BR54 


19th century 


Prehistoric: 




No 


None 








habitation 














Historic: 














scatter 








38BR58/59 


2,4,5,6 




Habitation 




No 


None 


38BR62 


1,2,5,6 




Habitation 




No 


None 


38BR63 


4,5 




Intrusive 




No 


None 


38&R65 


(?) 




Intrusive 




No 


None 


38BR71 


1.2 




Habitation 




Yes 


Data recovery: 
sample excavations ; 
intens ive excava- 
tions 



38BR76 



38BR77 



38BR78 



38BR96 



38BR97 



4,5 



(?) 



(?) 



4,5,6 



Limited 


No 


None 


activity 






Habitation 


No 


None 


Limited 


No 


None 


activity 






Limited 


No 


None 


activity 






Habitation 


Yes 


Data 



Data recovery: 
sample excavations ; 
intensive excava- 
tions 



38BR98 



Limited 
activity 



Yes 



Data recovery: 
sample excavations ; 
intensive excava- 
tions 



38ER99 



(?) 



Limited 
activity 



No 



None 
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Table E-l. 



Archaeological Resource Summary for Sites Recovered 
During Survey of Pen Branch and Four Mile Creek 
(continued ) 



Site 



rerioa or 

occupation 



Type of site 



Eligible for 
nomination 
to National 

Register 



Recommended site 
preservation plan if 
ground disturbance 
occurs 



38BR100 



38BR280 



(?) 



8 (1880- 
1950) 



Limited 
activity 

Historic : 
dwelling 



No 



Yes 



None 



Data recovery: 
documentary search; 
intensive excavations 



38BR282 



8 (1880- 
1950) 
4,5 



Historic : 
dwe 1 1 ing 

Prehistoric: 
habitation 



Yes 



Data recovery: 
documentary search; 

sample excavations; 
intensive excavations 



38BR289 8 (19th-20th Mill dam 

century) 



Yes 



Data recovery: 
documentary search 



M&Rzyi 


8 [19th- 


-20th 


Mill dam 




century) 




38BR297 


3,4,5,6 




Limited 

activity 


38BR298 


(?) 




Limited 

activity 


38BR299 


6,7 




Habitation 


38BR305 


8 (19th- 


-20th 


Mill and d 



century) 



Yes 



Yes 



No 



Yes 



Yes 



Data recovery; 
documentary search 

Data recovery: 
sample excavations; 
intensive excavations 

None 



Data recovery : 
sample excavations ; 
intensive excavations 

Data recovery: 
documentary search; 
intensive excavations 



38BR310 



4,5,8 
(19th-20th 
century) 



Prehistoric: 
limited 
activity 

Historic: 
dwelling 



Yes 



Data recovery: 
sample excavations; 
intensive excavations 
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Table E-l. 



Archaeological Resource Summary for Sites Recovered 
During Survey of Pen Branch and Four Mile Creek 
(continued) 









Eligible for 
nomination 


Recommended site 
preservation plan if 




LVrL J.VU \S ■*- 




to National 


r o und d X s t u rbanc e 


Site 


"occupation* 


Type of site b 


Register 


occurs 


38BR316 


(?) 


Intrusive 


No 


None 


38BR318 


3,4,5,6 


Habitation 


Yes 


Data recovery: 



38BR319 



38BR322 



38BR323 



38BR339 



38BR345 



38BR352 



38BR353 



38BR355 



38BR357 



38BR530 



38BR531 



(?) 



(?) 



(?) 






(?) 



4, 5,6 



(?) 



(?) 



3,4,5,6 
U2,3 



(?) 



2,3,4,5,6 



Limited 
activity 

Limited 

activity 

Limited 
activity 

Limited 
activity 

Intrusive 

Limited 

activity 

Limited 
activity 



Limited 

activity 

Habitation 

Limited 
activity 

Limited 
activity 

Habitation 



No 

No 
No 
No 

No 

No 

Yes 



No 

No 

No 

No 
Yes 



sample excavations ; 
intensive excavations 

None 

None 

None 

None 

None 
None 

Data recovery: 
sample excavations; 
Intensive excavations 

None 

None 
None 

None 



Data recovery: 
intensive excavations 
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Table E-l. 



Archaeological Resource Summary for Sites Recovered 
During Survey of Pen Branch and Four Mile Creek 



frnnti rmeri ^ 



Site 



Period of 



Eligible for 
nomination 
to National 



occupation* Type of site ' Register 



Recommended site 
preservation plan if 
ground disturbance 
occurs 



38BR532 



Limited 
activity 



Yes 



Data recovery: 
sample excavations; 
intensive excavations 



38BR533 



(?) 



Limited 

activity 



No 



None 



38BR534 


(?) 


JUU1\JJ -f 


/, ^ £ 


38BR536 


(?) 


38BR537 


6 


38BR538 


4,5 


38BR539 


4,5,6 



Limited 
activity 



U -n r\ -i +- i t- -i ^t-i 



Limited 
activity 

Limited 
activity 

Limited 
activity 

Habitation 



No 



None 



No 



No 



No 



Yes 






intensive excavations 



None 



None 



None 



Data recovery: 
sample excavations; 
intensive excavations 



38BR540 



3,4,5,6 



Habitation 



Yes 



Data recovery: 
intensive excavations 






1 j r 

1,4,0 



Habitation 



V 






sample excavations ; 
intensive excavations 



38BR542 3,4,5,6 



Habitation 



Yes 



Data recovery: 
intensive excavations 



38BR543 



(?) 



Limited 
activity 



No 



None 
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Table E-l . 



Archaeological Resource Summary for Sites Recovered 
During Survey of Pen Branch and Four Mile Creek 
(continued) 



Site 



Period of 
occupation" 1 



Eligible for 
nomination 
to National 
Type of site" Register 



Recommended site 
preservation plan if 
ground disturbance 
occurs 



3SBR544 



^ : ) 



Limited 
activity 



No 



None 



38BR545 4,5,6 



Habitation 



Yes 



Data recovery; 
sample excavations; 
intensive excavations 



38BR547 



(?) 



Limited 
activity 



No 



None 



38BR548 



(?) 



Limited 
activity 



No 



None 



38BR549 



(?) 



Limited 
activity 



No 



None 



38BR550 



Limited 
activity 



No 



None 



38BR551 



8 (20th 
century) 



Historic dump 



No 



None 



38BR552 



5,6 



38BR555 4,5,6 



Limited 
activity 

Limited 
activity 



No 



No 



None 



None 



38AK148 



5,6 



38AK149 4,5,6 



38AK163 2,5 



38AK414 



(?) 



Limited 
activity 

Limited 
activity 

Limited 
activity 

Limited 
activity 



No 



No 



No 



No 



None 



None 



None 



None 
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Table E-l. 



Archaeological Resource Summary for Sites Recovered 
During Survey of Pen Branch and Four Mile Creek 
( continued ) 



Site 



Period of 
occupation' 1 



Eligible for 
nomination 
to National 



Type of site" Register 



Recommended site 
preservation plan if 
ground disturbance 
occurs 



3SAK415 



38AK417 



A, 5, 6 



Limited 
activity 

Habitation 



No 



Yes 



None 



Data recovery: 
sample excavations ; 
intensive excavations 



38AK418 



5 



Limited 
activity 



Yes 



Data recovery: 
sample excavations ; 
intensive excavations 



a. 1 = Early Archaic Period (9500-7500 B.C.) 

2 = Middle Archaic Period (7500-3000 B.C.) 

3 = Late Archaic Period (3000-1000 B.C.) 

k = Early Woodland Period (1000 B.C.^A.D. 1) 

5 = Middle Woodland Period (A.D. 1-700) 

6 = Late Woodland Period (A.D. 700-1000) 

7 = Mississippian Period (A.D. 1000-1700) 

8 = Historic Period (A.D. 1700-Present ) 

? = prehistoric lithic or ceramic debris — no specific time period 

b . Determined by the type and function of the artifact assemblage present 
at a site and its strategic location. A habitation site is defined as 
a base camp or area of long-term use where artifacts would be curated 
and manufactured and not necessarily taken along during food forays . 
Limited activity sites are defined as temporary, specialized, extrac- 
tive sites (utilizing a specific local resource) with scarcity and lack 
of diversity within the artifact assemblage. Intrusive sites are those 
where artifacts located in the locale are the result of soil borrowing 
from another unknown area for pre-SRP construction activities. A 



century building. 
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problem of low site integrity, include pre-1950s agricultural practices, 
pre-SRP construction activities , road construction and maintenance, and 
pine-plantation management practices . 

Site 38BR548 is the only site that is potentially affected by the construc- 
tion of cooling towers . It is one of the 42 sites. Site 38BR548 is a small , 
prehistoric lithic and ceramic scatter located on a terrace edge adjacent to 
the bank of the northern branch of Four Mile Creek. Sixteen systematic shovel 
tests were conducted at this site. Further research is not recommended for 
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Figure E-1. General Map of the Survey Area Indicating Site Location 
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this site because the potential yield of additional information is negli- 
gible. A concurrence with the determination of "no effect," based on the 












areas, was issued by the State Historic Preservation Officer (Lee, 1986)* 
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E.2 BEAVER DAM CREEK ARCHAEOLOGICAL AND HISTORIC RESOURCES 



During October and November of 1985, an intensive archaeological survey was 
conducted along Beaver Dam Creek and in an area west of the creek near 
D-Area «. The survey purpose was to locate and evaluate any archaeological 
resources that could be affected by implementation of cooling water alter- 
natives in the D-Area, such as increased flow with mixing or direct discharge 
to the Savannah River via pipeline (Hansen, 1985a). 

Shovel testing was conducted along the stream near the edge of the terrace 
because this area may be disturbed by increases in water flow in the creek. 
Testing revealed site 38BR450 along the stream. Site 38BR45G, known as the 
Pie Site, is a large, multicomponent , prehistoric base camp /village at the 
junction of Beaver Dam Creek and the Savannah River, swamp (Figure E-l ) . 
Originally recorded in 1982 as part of the general survey of the Savannah 
River Plant, this site has been tested extensively to determine its extent, 
depth, and composition* The site has a high level of archaeological integrity 
and significance for addressing contemporary research problems in the region. 

Based on these findings, site 38BR450 has been recommended for nomination 
eligibility to the National Register of Historic Places . Field examination of 
the site with respect to its proximity to the creek and the possible increase 
in water flow of 10 centimeters above normal levels indicates that no inun- 
dation of the location will occur. The site is buffered by a dense growth of 
natural vegetation which serves to protect it from the projected minor flow 
changes. The implementation of cooling water alternatives in D-Area would 
result in neither erosive action nor inundation of the prehistoric property . 
Concurrent with the request for determination of National Register eligibility 
for the site, a request for a determination of "no effect" was submitted to, 
then issued by the State Historic Preservation Officer h (Lee, 1986 and Klima, 
1986), 
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A field survey was conducted in th^e area west of Beaver Dam Creek that may be 
disturbed by pipeline construction activities associated with the direct- 
discharge alternative for D-Area. The survey documented that the area had 
been extensively disturbed during initial SRP construction in the early 1950s^ 
and no further evidence of intact archaeological resources was found . /A 
review of the National Register of Historic Places also indicated that no 
sites are located in the area west of Beaver Dam Creek (Hansen, 1985b). 



E.3 REGIONAL ARCHAEOLOGICAL AND HISTORIC RESOURCES 



In 1986 ^ 69 sites in the six-county area near SRP had been listed in the 
National Register (Table E-2). Richmond County, Georgia, has the largest 
number of sites (27) , most being in and around the City of Augusta. Aiken 
County, South Carolina, has 18 sites. 
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Table E-2. National Register Sites in the Six-County Area 

Near the Savannah River Plant 3 



Name 



AIKEN COUNTY. SOUTH nARflT.TUA 



Location 



Chancellor James Carrol House 

Coker Springs 

Legare -Morgan House 

Phelps House 

Dawson-Vanderhorst House 

Fort Moore-Savano Town site 

Redcliffe 

Graniteville Historic District 

Silver Bluff 

Charles Hammond House 

Rosemary Hall 

Joye Cottage 

Chinaberry (Williams-Converse House) 

St. Mary Help of Christians Church 

Willcox' s 

Pickens House 

Georgia Avenue-Butler Avenue 






White Hall (Aiken Winter Colony) 



Aiken 

Aiken 

Aiken 

Aiken 

Northeast of 

Beech Island 

Northeast of 

Graniteville 

West of Jackson 

North Augusta 

North -Augusta 

Aiken 

Aiken 

Aiken 

Aiken 

Aiken 

North Augusta 

Aiken 



Aiken 
vicinity 
Beech Island 



ALLENDALE COUNTY, SOUTH CAROLINA 



Antioch Christian Church 

Erwin House 

Gravel Hill Plantation 

Red Bluff Flint Quarries 

Roselawn 

Smyrna Baptist Church 

Lawton Mounds 

Fennell Hill 

Virginia Durant Young House 



Southwest of Allendale 
Southwest of Allendale 
Southwest of Allendale 
Allendale vicinity 
Southwest of Allendale 
South of Allendale 
Johnsons Landing vicinity 
Peeples vicinity 
Fairfax 



BAMBERG COUNTY, SOUTH CAROLINA 



General Francis Marion Bamberg House 

Woodlands 

Rivers Bridge State Park 

Voorhees College Historic District 

Bamberg Historic District 

Cal Smoak Site 



Bamberg 

Southeast of Bamberg 

Ehrhardt vicinity 

Denmark vicinity 

Bamberg 

8 miles east of Bamberg 
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National Register Sites in the Six-County Area 
Near the Savannah River Plant 9 (continued) 



Name 



Location 



BARNWELL COUNTY, SOUTH CAROLINA 



Banksia Hall 

Church of the Holy Apostles 

Church of the Holy Apostles Rectory 

Old Presbyterian Church 

Bethlehem Baptist Church 



Barnwell 
Barnwe 1 1 
Barnwell 
Barnwell 
Barnwell 



COLUMBIA COUNTY, GEORGIA 



Kiokee Baptist Church 

Stallings Island 

Woodville 

Columbia County Courthouse 



Appling 

Northwest of Augusta 

Winf ield vicinity 

Appling 



RICHMOND COUNTY, GEORGIA 



Academy of Richmond County 
Augusta Canal Industrial 

Historic District 
Augusta Cotton Exchange 
Stephen Vincent Benet House 
Brahe House 

First Baptist Church of Augusta 
Fitzsimons-Hampton House 
Gertrude Herbert Art Institute 
Harris-Pearson-Walker House 
Meadow Garden 

Old Medical College Building 
Old Richmond County Courthouse 
Sacred Heart Catholic Church 
St* Paul's Episcopal Church 
Augusta National Golf Club 
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Laney-Walker Historic District 
Lamar Building 
Reid-Jones-Carpenter House 
Woodrow Wilson Boyhood Home 
College Hill 

Broad Street Historic District 
Pinched Gut Historic District 
Summerville Historic District 
Greene Street Historic District 
Springfield Baptist Church 
Meadow Garden-George Walton House 



Augusta 

Augusta 
Augusta 
Augusta 
Augusta 

Augusta 

Augusta 

Augusta 

Augusta 

Augusta 

Augusta 

Augusta 

Augusta 

Augusta 

Augusta 

Augusta 

Augusta 

Augusta 

Augusta 

Augusta 

Augusta vicinity 

Augusta 

Augusta 

Augusta 

Augusta 

Augusta 

Augusta 



a. Data from DOI (1979, 1980, 1981, 1982, 1983, 1984, 1985). 
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F.l INTRODUCTION 



Executive Orders 11988 (Floodplains Management) and 11990 (Protection of Wet- 
lands) and U.S. Department of Energy (DOE) regulation "Compliance with 
Floodplain/Wet lands Environmental Review Requirements" (10 CFR 1022) specify 
the requirements for a floodp lain/ wet lands assessment. Pursuant to these 
requirements, DOE issued a f loodplain/wetlands notice on the construction and 
operation of alternative cooling water systems for the K- and C-Reactors and 
the D-Area coal-fired powerhouse on March 28, 1986 (51 FR 10654), 
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The proposed action and cooling water alternatives discussed in this EIS, 
except the D-Area direct discharge alternative, do not occur within the base 
floodplain or wetlands* Consequently, the practicability test for identifying 
and evaluating alternatives outside the base floodplain is not required except 
the D-Area direct discharge alternative which is discussed in Section F.4.2. 
However, the implementation of the cooling water alternatives for K- and 
C-Reactors and the D-Area powerhouse could potentially impact the base 
floodplain and wetlands. These impacts are identified and assessed in Chapter 
4. The impact identification and assessment requirements for the EIS are 
applicable and equivalent to the requirements for f loodplain/wetlands 
protection. 

This appendix references the EIS wherever possible and addresses only those 
impacts of the alternative cooling water systems that could affect the base 
floodplain and wetlands. 

One of the primary concerns of the f loodplain/wetlands Executive Orders is the 
protection of lives and properties. Access to the Savannah River Plant (SRP) 
is strictly controlled. No dwellings , hospitals, schools , nursing homes , or 
other structures are located within the base floodplain. Therefore, neither 
individuals nor private property would be affected if the cooling water 
alternatives were implemented. 



Another concern in the f loodplain/wetlands Executive Orders is the Impact on 
floodplain values. The cooling water alternatives would have little or no 
impact on cultural resources , agricultural , aquacultural , or forestry 
resources as related to floodplain values- Archaeological and historic 
resource surveys, which are discussed in Appendix E, identified no significant 
sites requiring impact mitigation. Because of the controlled access to SRP, 
no agricultural or aquacultural practices exist, and none would be affected by 
implementation of any of the cooling water alternatives. The implementation 
of any of the alternatives, except the nonaction alternative for K- and 
C-Reactors, would enhance native plant communities. 



BC-19 









T fYiT^ *a i^ \- 
J-illlJO.1— *- 



i.ro fat* 



auu 






resources. This appendix discusses positive and negative, direct (concen- 
trated) and indirect (dispersed), and short-term and long-term impacts associ- 
ated with the construction and operation of the alternatives for each of the 
f loodplain/wetland areas as related to both water and biological resources. 
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Short-term impacts are temporary changes during and immediately following 
implementation of an alternative. Impacts related to construction activities 
such as site clearing and sedimentation runoff are examples of short-term 
impacts. Long-term impacts can persist for a considerable time, and might 
continue indefinitely. Loss of mature swamp forest trees because of thermal 
effluents discharge is an example of a long-term impact. Direct impacts, as 
used in this EIS» are concentrated at or near the site of the action; indirect 
impacts occur at a site remote from the action. Impacts can be beneficial 
(i.e., positive) or harmful (i.e., negative). The alternative cooling water 
systems for K- and C -Reactors include the construction and operation of 
once-through cooling towers (gravity feed and natural draft), recirculating 
pooling towers, and the continuation of direct discharge, or no action. The 
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flow with mixing, direct discharge to the Savannah River, and continuation of 
the present operation, or no action. The proposed action and alternatives are 
discussed in Chapter 2, 



F.2 PEN BRANCH (K-REACTQR) 

F.2.1 ONCE-THROUGH COOLING TOWER (PREFERRED ALTERNATIVE) 

F. 2-1*1 Construction Impacts 

Water Resources 
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The principal direct impact to water resources in the Pen Branch f loodplain/ 
wetlands during construction would be on water quality. A negative impact of 
construction activities would be a temporary increase in suspended solids 
because of runoff erosion. Temporary measures such as berms , drainage 
ditches, drains, sedimentation basins, grassing, and mulching would control 
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Construction activities would have no measurable effect on groundwater 
recharge or the ability of the f loodplain/wetlands to moderate floods. Water 
quality impacts are discussed in Chapter 4. 



Biological Resources 
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Construction activities would occur on upland sites and would not directly 
affect the f loodplain/wetlands . The principal indirect impact would be from 
sediment loading on fish and macroinvertebrates. This short-term impact would 
be minimal because Pen Branch, in the vicinity of the proposed construction, 
is uninhabitable by aquatic and semiaquatic biota because of the high water 
temperatures from reactor operations. 



F.2.1.2 Operational Impacts 



Water Resources 
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The principal direct impact to water resources in Pen Branch f loodplain/ 
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wetlands during operation would be on watei. quaxity. n 
be that water temperatures at the outfall would be reduced from a maximum of 
75°C to 30°C in the summer, only 3°C above projected ambient 
temperatures. In the winter, the discharge temperature would decrease even 
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more to approximately 26 °C ( L2°C above ambient creek temperature ) * Lower 
water temperatures would improve water quality by increasing the dissolved 
oxygen concentration. 



Operation of the once-through cooling tower would reduce both suspended solids 
and the sedimentation rates of the delta, a positive impact . Some erosion and 
sedimentation would occur. However, the sedimentation rates of the delta 
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This would be a positive impact because of the prevention of further 
vegetative loss caused by thermal effluents . Operations would have no 
measurable impact on the ability of the floodp lain/wet lands to moderate floods 
or groundwater recharge. Stream flow would be reduced slightly from 11.3 to 
about 10.5 cubic meters per second, and should cause a slight reduction in 
suspended solids concentrations , a positive impact . Water quality and 
hydrology impacts are discussed in. Chapter k. 
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Biological Resources 



The most significant positive ecological impact would be the enhancement of 
wetland habitat because of diminished thermal effects of the discharges - 
Vegetation would become reestablished on portions of the 670 acres of affected 
wetlands . The vegetation loss rate in the swamp of 26 acres per year because 
of thermal impacts would be reduced {see Chapter 4) . The reduction in stream 
flow could contribute to a slight reduction in canopy loss from flooding and 
increased sedimentation, another positive impact. 
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animal life over present conditions, a positive impact . Spawning conditions 
for indigenous and migratory fish species would be greatly improved . 
Operation of the cooling tower would meet the requirements stipulated for 
Maximum Weekly Average Temperature (MWAT) for fish survival during a winter 
shutdown (EPA, 1977; Muhlbaier, 1986); this would be a positive impact. 



TE 



Two species at SRP would be affected positively by this alternative. Because 
the water temperature would be well below the thermal maximum temperature 
tolerance of the threatened American alligator ( All_igator mississippiensis ; 
classified as "threatened due to similarity of appearance' 1 ) , additional 
habitat for it and other aquatic species would be created. 
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Reducing the temperature below the thermal maximum for fish would allow fish 
to recolonize Pen Branch, a positive impact* The fluctuating water levels 
could concentrate fish, the principal prey of the endangered wood stork 
( Mycteria americana ) * This would be a positive impact because loss of 
foraging habitat has contributed to the decline of the wood stork (Du Pont , 
1985). 



TE 



Based on formal consultation between the U.S. Fish and Wildlife Service (FWS) 
and DOE on the American alligator, red-cockaded woodpecker, and wood stork, 
FWS has issued a biological opinion of "no effect" if DOE implements the pre- 
ferred alternatives (Parker, 1986). 
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Because this alternative would not require any changes in the cooling water 
intake structures or flow rates, there would be no change in the entrainment 
or impingement impacts . Consultation between DOE and the National Marine 
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Fisheries Service has determined that SRP operations would have no adverse 
impacts on the endangered shortnose sturgeon , Acipenser breviros trum (Oravetz , 
1983). Biological impacts are discussed in Chapter 4. 



Vegetation near the cooling tower would be subject to salt deposition attribu- 
table to drift from the tower. Cooling tower drift could cause vegetation 
stress , either directly by deposition of salts on the foliage or indirectly 
from excess accumulations of salts in the soil. Salt stress in plants could 
TE occur through various mechanisms . This stress includes : ( 1 ) increased 
osmotic potential of the soil solution affecting the availability of soil 
moisture to the plant; (2) alteration of the mineral nutrition balance in the 
salt tissue; and/or (3) toxic effects due to specific ion concentrations in 
the plants (Bernstein, 1975; Hanes , Zelazny, and Blaser, 1970; Allison, 1964; 
Levitt, 1980). 



Tolerances and susceptibility to salt deposition are highly variable, depend- 
in^ on the plant species and other conditions in the environment* Vegetative 
studies indicated that thresholds for development of visible salt stress 
symptoms on the most sensitive species were approximately 83 kilograms (183 
pounds) per acre per year of sodium chloride salt (INTERA, 1980) . Studies 
indicate that at sodium chloride deposition rates of about 41 kilograms (90 
pounds ) per acre per year , agricultural productivity can be reduced (Mulchi 
and Armbruster, 1981). 

The drift composition is equivalent to that of the circulating water. The 
concentration of substances in the circulating water for this alternative is 
shown in Table 3-3. The substance of particular interest with regard to its 
potential for damage is the chloride ion* The other constituents in the table 
are at low concentrations and considered negligible or are potentially 
beneficial . 

The implementation of this alternative would result in an estimated total sol- 
ids deposition of 0.5 kilogram (1.1 pounds) per acre per year within 2 kilome- 
ters of the cooling tower. The sodium chloride deposition rates from the 
cooling tower are much less than the critical values reported by Mulchi and 
Armbruster (1981), INTERA (1980), and NRC (1979) that can cause reduced pro- 
ductivity of plant species . Therefore, no significant impacts on vegetation 
are expected with this alternative, 

F.2.2 RECIRCULATING COOLING TOWERS 

F.2.2.1 Construction Impacts 

Water Resources 

The principal impacts to water resources in the Pen Branch floodplain/ 
wetlands during construction would be similar to those for described the 
once-through cool ing-tower al ternative in Sec t ion F . 2 . 1 . 1 • Suspended solids 
because of runoff erosion should be slightly lower, and a projected 50 acres 
of upland habitat would be disturbed versus 25 acres for the once- through 
cooling-tower alternative during construction activities - 
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Biological Resources 

Biological resource impacts would be similar to those associated with the con- 
struction of the once-through cooling tower (see Section F. 2.1.1). 

F.2.2,2 Operational Impacts 

Water Resources 
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Implementation of this alternative would primarily affect water quality. As 
with the once- through cooling tower alternative , effluent temperatures would 
closely duplicate ambient temperatures, a positive impact. Under winter con- 
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tn6 average discharge temperature would be about 15 C 
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to 7 C above the ambient stream temperature. Dissolved oxygen levels would 
improve if this alternative were implemented and would comply with State Class 
B water classification standards throughout the year, a positive impact. 
Nutrient concentrations would increase at the tower outfall under this 
alternative, but total loading (quantity) of nutrients and other chemicals 
transported to the swamp /river system would not increase . 

Water consumption from the Savannah River would be reduced from about 11 , 3 
cubic meters per second to about 1 . 7 cubic meters per second, a positive 
impact. 

The implementation of this action would result in greater reductions in 
suspended solids and the sedimentation rates of the delta than the once- 
through alternative . The most significant reduction in sedimentation and 
delta growth rate impacts would be from the reduction in stream flow rates , a 
positive impact . Under this alternative, discharge flows would decrease from 
11.3 cubic meters per second to about 0*6 cubic meter per second, and stream 
channel depth and width would be reduced substantially. Operations would have 
no measurable impact on the ability of the floodp lain/wet lands to moderate 
floods or groundwater recharge. 
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Biological Impacts 

The most significant ecological impact would be the enhancement of wetland 
habitat because of the reduced flow and thermal effects, a positive impact. 
Vegetation would become reestablished on about 500 acres of the thermally 
impacted 6 70 acres of wetlands and the vegetation loss rate associated with 
the delta growth (26 acres per year, average 1974-1984) would be substantially 
reduced* 
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Stream flows and temperatures would more closely follow ambient conditions and 
would facilitate plant and animal diversity over present conditions , a 
positive impact . Spawning conditions for indigenous and migratory fish 
species would be greatly improved. With discharge temperatures similar to 
ambient temperature , there would be no potential for cold shock during a 
winter reactor shutdown . Changes in f low volumes , when they occur t would be 
smaller than with other alternatives and would tend to minimize changes in 
stream morphology. This should stabilize aquatic and wetland habitats. 

Two species at SRP would be affected by this alternative . The impact on the 
American alligator which is classified as "threatened due to similarity of 
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appearance" should be positive (i.e., increased habitat ) * The decrease in 
water flow would allow vegetation to become reestablished over a larger area 
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Fish and other vertebrates would be able to inhabit the stream channel* 
providing potential foraging habitat for the endangered wood stork. 
Fluctuations in water levels would decrease compared to those from the 
once-through alternative * Consequently > the potential for f ish populations 
becoming concentrated in small pools y providing foraging habitat for the wood 
stork, would decrease. 

Through natural vegetative succession, a large area of the impacted 
floodplain/wet lands should eventually return to a closed-canopy forest , 
thereby providing food and cover for numerous species of wildlife. 

Because the rate of entrainment for fish eggs and larvae is directly propor- 
tional to the water intake flow rate , entrainment losses would be proportion- 
ally reduced (approximately 85 percent ) . Estimated impingement losses would 
also be reduced by a similar amount. Biological impacts are discussed in 
Chapter 4. 

Implementation of this alternative would result in an estimated total solids 
deposition of about 22. 7 kilograms (50 pounds) per acre per year within 0.5 
kilometers* At Z kilometers , the predicted solids deposition is calculated to 
T C be about 2.2 kilograms (5*0 pounds) per acre per year. Because the deposition 
rates at 2 kilometers are much less than the critical values reported (see 
Chapter 4) , no significant impacts on vegetation are expected at or beyond 
this distance with this alternative* 

F.2.3 NO ACTION - EXISTING SYSTEM 

F. 2. 3 . 1 Operational Impacts 

Water _Re sources 

The impacts on water resources of the No-Action alternative are mostly nega- 
tive. The annual average flow in Pen Branch below the K-Reactor cooling water 
discharge point would continue to be about 11.8 cubic meters per second, 11.3 
cubic meters per second above natural stream flow. The thermal maximum 
temperature tolerance for most aquatic and terrestrial species would continue 
to be exceeded. The dissolved oxygen levels would continue to fall below 
minimum South Carolina water classification standards during the summer. 
Suspended solids and sedimentation rates for delta expansion would continue. 
Stream morphology has been permanently altered because of approximately 30 
years of discharge at 11 . J cubic meters per second. Because of this 
alteration, continued operations would have little impact on the ability of 
the Pen Branch floodplain/wet lands to moderate floods . Continued operations 
would have little impact on the ability of the swamp f loodplain/wetlands 
adjacent to Pen Branch to moderate floods because this is controlled by the 
Savannah River (483 cubic meters per second of flow during flood stage)* 
Groundwater recharge in this area is primarily controlled by the Savannah 
River. Water quality and hydrology impacts are discussed in Chapter 4. 
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MoJ iOgJ-_pal Resources 

The impacts on biological resources of the no-action alternative are negative » 
The flora along the creek would continue to be sparse, reflecting the harsh 
temperature regime* Most aquatic invertebrates would remain absent from the 
creek. Fish would not be able to inhabit the creek where their thermal maxi- 
mum temperature tolerance is exceeded* and the fish fauna above the thermal 
discharge point would continue to be depauperate in number and diversity. 
Limited use by threatened and endangered species in Pen Branch would continue 
under existing condit ions . Entrainment and impingement rates would remain at 
the present level . Biological impacts are discussed in more detail in 
Chapter 4. 



F.3 FOUR MILE CREEK (C-REACTOR) 
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F*3*l.l Construction Impacts 

Water Resources 

The types of construction impacts of the once- through cooling tower for 
C-Reactor on water resources and biological resources in Four Mile Creek would 
be similar to those described for K-Reactor on Pen Branch (see Section F.2,1.1 
and Chapter 4) . 

F.3.1.2 Operational Im pacts 

Water Resources 

The operational impacts of the once- through cooling tower for C-Reactor on 
water resources would be similar to those described for K-Reactor on Pen 
Branch (see Section F.2,1.2 and Chapter 4). 



me coding enect would oe the same as that projected for Pen Branch in that 
temperatures would meet the 32.2°C Class B water classification standard, 
but would be 10°C to 13°C above ambient creek temperature at the point of 
discharge during the winter* 

Biological Resources 

Operational impacts of the once-through cooling tower for C-Reactor on biolog- 
ical resources would be similar to those described for K-Reactor (see Section 
F.2, 1. 2 and Chapter 4) . Vegetation would become reestablished on portions of 
the 1147 acres of affected wetlands , and the vegetation loss rate in the swamp 
of 28 acres per year due to thermal impacts would be reduced, a positive 
impact. The implementation of this alternative would further enhance foraging 
habitat for wood storks y a positive impact . The cooling tower would be 
designed and operated to meet the requirements stipulated for MWAT for fish 
survival during a winter shutdown (EPA, 1977; Muhlbaier, 1986); this would be 
a positive impact. 
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Deposition of cooling tower drift would be similar to that projected 
once-through cooling tower alternative for K-Reactor [i.e., 0.5 kilog 



for the 
once-tnrough cooling tower alternative tor K-Keactor Li.e., uo Kilogram (1.1 
pounds) per acre per year within 2 kilometers] . Because these deposition 
rates are much less than the critical values (see Chapter 4), there would be 
no impacts on vegetation with this alternative* 

F.3,2 RECIRCULATING COOLING TOWERS 



F . 3 # 2 . 1 Construction Impacts 



Water Resources 
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The construction impacts of recirculating cooling towers for C-Reactor on 
water resources and biological resources would be similar to those described 
for K-Reactor on Pen Branch (see Section F.2.3-1). Sedimentation runoff 
impacts should be similar (short-term) because projected disturbances (60 
acres) approximate those for the K-Reactor recirculating cooling tower (50 
acres ) , 



F.3.2.2 Operational Impacts 

The operational impacts of recirculating cooling towers for C-Reactor on water 
resources and biological resources would be similar to those described for 
BC-I9 K-Reactor on Pen Branch (see Section F.2.2.2 and Chapter 4), It is estimated 
that approximately 1000 acres of the thermally impacted 1147 acres of wetland 
vegetation would become reestablished, a positive impact. 

The implementation of this alternative would result in an estimated total sol- 
TC ids deposition of 2,2 kilograms (4.8 pounds) per acre per year within 2,0 
kilometers of the cooling towers. Because this rate at 2 kilometers is much 
less than the critical threshold values reported that can cause reduced 
productivity of plant species (see Section F.2.1.2 and Chapter 4), no 
significant impacts on vegetation are expected with this alternative* 

F.3*3 NO ACTION - EXISTING SYSTEM 

F, 3*3.1 Operational Impacts 

The operational impacts of the no-action alternative on water resources and 
biological resources are similar to those described for K-Reactor on Pen 
Branch (see Section F.2.3 and Chapter 4). 



F.4 BEAVER DAM CREEK (D-AREA POWERHOUSE) 
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F. 4*1.1 Construction Impacts 

Existing structures would be used for increasing flow. Consequently, there 
would be no construction or short—term impacts associated with this 
alternative* 
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F. 4»1.2 Operational Impacts 

Water Resources 

Water quality monitoring studies have shown that temperature is the only Class 
B water classification standard not currently being met and that the thermal 
limits are exceeded only during the late spring and summer months (Du Pont, 
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32 C to 34 (> C* Implementation of this alternative would reduce these 
effluent temperatures sufficiently to meet State Class B water classification 
standards* Potential impacts that could occur include small increases in 
stream suspended solids caused by intermittently increased stream flow (i*e. , 
increases in flow with average increments from 2* 7 cubic meters per second to 
4.0 cubic meters per second ) , depending on the number of additional pumps 
needed to meet temperature requirements (see Chapter 2) * Operations under 
this alternative would have little impact on the ability of the 
floodp lain /wet lands to moderate floods or groundwater recharge , because these 
activities are predominantly influenced by the Savannah River (Du Pont, 1985)* 
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Biological Resources 

Mean water temperatures at the mouth of Beaver Dam Creek would be about 4°C 

ambient creek temperatures in the spring and summer , 



and 1°C 



aoove amoient creeic temperatures in tne spring ana summer, 
respectively. Water temperatures would be about 7°C above ambient during 
the winter. Increased flow during the spring and summer months would increase 
aquatic habitat and should increase the abundance and diversity of fish and 
macro invertebrates . However , wildlife habitat would be temporarily reduced 
during periods of increased pumping. 

The increased flow would cause temporary increases in stream channel erosion 
and would increase siltation. This increased siltation would generally occur 
after peak spawning in May and June . However, during some years increased 
flow could be required as early as May or June, a potentially negative 
impact* Any increase in vegetation loss due to delta growth should be minimal 
and offset by vegetation reestablishment and succession on previously impacted 
thermal areas* A reversal in the pattern of the canopy loss is already being 
observed* It is thought this pattern is because of a reduction in effluent 
temperatures that began in 1978 and has continued (Du Pont, 1985)* 

The alligator, which is classified as ''threatened due to similarity of 
appearance," and the endangered wood stork could be affected by this 
alternative* The Beaver Dam Creek area supports a large population of 
alligators , and the mild thermal effluent during the winter probably enhances 
the survivability of juvenile alligators. Implementation of this alternative 
would have no impact on winter thermal effluent* Therefore, it should have no 
impact on winter alligator populations , Intermittently increased flows during 
the spring and summer would cause the water level in Beaver Dam Creek to 
alternately rise and fall 12 to 19 centimeters (see Chapter 4) . Water-level 
increases less than or equal to 35 centimeters are not expected to affect 
alligator nesting sites (Specht, 1985). 

Wood storks frequently forage in the Beaver Dam Creek swamp, although feeding 
habitat is marginal quality when compared to other areas at SRP (Du Pont, 
1985). An increase in water levels of 12 to 19 centimeters could be too deep 
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at times for foraging activities. Conversely* increased water levels could 
prevent or delay potential foraging areas from drying up during droughts 
because the Beaver Dam Creek foraging sites are not associated with the more 
permanent wetlands found along primary and secondary creeks* 

Entrainment losses would be approximately 2*0 x 10 fish eggs and larvae if 
this alternative were implemented* Entrainment of the eggs and larvae of the 
BD-5 endangered shortnose sturgeon should not occur* This is due to the demersal 
and adhesive nature of their eggs, as well as to the time of year shortnose 
sturgeon spawn (February-March) . Fish impingement on the 5G intake screens 
would increase by 113 fish per year or to 1831 total fish per year. 
Biological impacts are discussed in Chapter 4 and Appendix C. 

F.4.2 DIRECT DISCHARGE TO SAVANNAH RIVER 

F. 4,2.1 Direct Impacts to Floodplains/Wetlands and Practicable Alternatives 

Implementation of this alternative would temporarily disturb approximately 
1 acre of floodpla in/ wet lands during construction. The overall operational 
impact would be to return Beaver Dam Creek to its approximate original status 
as an intermittent stream. Implementing this action would reduce 
f loodplain/wetland values because current operations enhance certain wildlife 
values (see Section F.4.3.1 and Chapter 4), 

An alternative action that would achieve the intended thermal performance 
standards but would minimize harm to or within the floodpla in /wetlands is 
described in Section F.4.1; the no-action alternative is described in Section 
F.4.3. Because public access to and use of SRP are strictly controlled, no 
individual or private property would be affected by this alternative. In 
addition, no impact would directly or indirectly support flood plain 
development* Neither would there be an impact on cultural resources, 
agriculture, aquaculture, nor forestry resources as they relate to floodplain 
values, 

F,4.2,2 Cons t rue t ion Impac t s 

Water Resources 

The principal direct impact to water resources in the Beaver Dam Creek 
f loodplain/wetlands during construction would be on water quality. A pipeline 
would be constructed parallel to the existing intake pipe. This pipeline 
would run from the D-Area powerhouse across the Beaver Dam Creek swamp to a 
discharge point on the Savannah River below the cooling water intake struc- 
ture. The pipeline would cross approximately 1 acre of f loodplain/wetlands. 
The construction activities would result in a temporary Increase in turbidity 
and suspended solids. Construction impacts would have no measurable effect on 
groundwater recharge or on the ability of f loodplain/wetlands to moderate 
floods . 

Biological Resources 

The principal indirect impact would be from sediment loading on fish and 

TE micro-invertebrates in Beaver Dam Creek. When construction activities cease, 

suspended solids levels should return quickly to ambient conditions. Wildlife 

F-10 



might be disturbed by the noise associated with construction activities. This 
disturbance is short-term and noncumulative. 

F.4.2.3 Operationai Impacts 

Water Resources 



TE 



The principal direct impact to water resources in the Beaver Dam Creek 
floodplain/wet lands would be to the decrease in stream flow from the present 
average of 2.7 cubic meters per second to only 0.2 cubic meter per second. 
Beaver Dam Creek and the adjacent swamp would essentially return to their 
approximate original conditions, a wetland with an intermittent stream. 
Periodic flooding would depend entirely on natural flooding from the Savannah 
River and storm runoff after rains. Based on pump test data (Specht, 1985), 
any flooding of Beaver Dam Creek because of storm runoff would have a short 
duration * The water level in Beaver Dam Creek swamp would return to its 
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Biological Resources 

The most significant ecological impact would be a loss of nesting and foraging 
habitat for wildlife. The implementation of this alternative would decrease 
or eliminate nesting habitat for the American alligator and any thermal refu- 
gia that might have existed during the winter months. Foraging habitat for 
the wood stork would be significantly decreased or eliminated. Beaver Dam 
Creek would return to its approximate original condition as an intermittent 
stream (Moyer, 1985), thus negatively impacting aquatic organisms* 

Because the thermal effluent would be pumped directly to the Savannah River, 
there would be a small thermal plume at the outfall structure. Because of the 
small volume of mildly thermal effluent and the large volume of ambient river 
water, there would be no thermal impact outside the mixing zone. There would 
be a large zone of passage for all fish species, including the endangered 
shortnose sturgeon. There would be no impact on the shortnose sturgeon from 
entrainment and impingement with implementation of this alternative. 
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F,4,3 NO ACTION - EXISTING SYSTEM 

F.4.3.1 Operational Impacts 

Water Resources 

The flow of 2.7 cubic meters per second would continue. Water temperatures in 
the creek and delta could reach 34 C under extreme summer conditions . 
Concentrations of dissolved oxygen would be somewhat lower than those in 
unimpacted streams ♦ Continued operations would have no measurable impact on 
the ability of the f loodplain wetlands to moderate floods or groundwater 
recharge . Water resource impacts are discussed In Chapter 4, 

Biological Resources 

The aquatic and terrestrial ecology of the creek would continue to be affected 
by the thermal effluent but to a much lesser extent than that of Pen Branch or 
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Four Mile Creek* Portions of Beaver Dam Creek would continue to show evidence 
of revegetation and succession due to a slight decline in water temperatures 
that began in the 19 70s* The area around the creek would continue to provide 
Vioh-; i-ot- fnt- a d&nxf* ooDiilation of allieators and forasine habitat for the wood 

stork* 
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APPENDIX G 
RADIATION DOSE CALCULATION METHODS AND ASSUMPTIONS 

The operation of alternative cooling water systems for the K- and C-Reactors 
at the Savannah River Plant (SRP) would change the amount of radioactive mate- 
rials released to the environment. Cooiing alternatives associated with the 
D-Area would not cause any changes in radioactive releases to the environ- 
ment. This appendix describes the methods and assumptions used to (1) deter- 
mine the change in radiological impacts expected to result from the operation 
of the cooling alternatives, and (2) determine the doses expected from the 
operation of facilities on or within 80 kilometers of SRP without the imple- 
mentation of cooling alternatives (no action - existing conditions)* 

The cooling water alternatives for K- and C-Reactors that are considered in 
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once-through cooling towers . For the once-through alternative, doses were 
analyzed for gravity-flow, natural-draft cooling towers without holding 
ponds- For the recirculating alternative, doses were analyzed for gravity- 
flow, natural-draft cooling towers pumped to mechanical-draft cooling towers 
without holding ponds . 

The implementation of a once- through or recirculating cooling- tower alter - 
native for K- and C-Reactors would change the amount of radionuclides released 
to the environment. Because of an increase in evaporation from cooling 
towers, a greater amount of tritium would be released to the atmosphere, re- 
sulting in a positive tritium source term* However, for liquid releases the 
tritium source term would decrease by the same amount and, therefore, would be 
considered a negative value. Also, the implementation of alternative cooling 
water systems might cause a change in the rate of remobilization of radio- 
nuclides present in creek beds. Remobilization is discussed in Section G.2 
and Appendix D. 

Radioactive materials released to the environment generally become involved in 

«. ._^4ij£/j-^a o*_A..k.*-a \j± i Jlx y o j-^cij. , Laciui^d-L i ciuu uiuiu^i^cii ptuctbbes* me prin- 
cipal pathways by which radioactivity released from a facility can reach peo- 
ple are (1) exposure to nuclides in the air, in the water, or on the ground, 
(2) inhalation of radioactivity, and (3) ingestion of radioactivity in food 
and water* Figure G-l shows these pathways. 

The calculations of radiological doses to members of the public from these 
various pathways are based on methods recommended by the U.S. Nuclear 
Regulatory Commission (NRC) for licensing power reactors. However, the dose- 
conversion factors were taken from ICRP Publication 30 (ICRP, 1979). Esti- 
mates of doses are based on detailed analyses of the sources and rates of 
radioactive releases and the pathways by which people can be exposed to dis- 
persed radioactive materials* The NRC methods are adapted to specific SRP 
conditions , 

In the calculation of doses, the dose-conversion factors for adults presented 
in ICRP-30 were used. Dose factors for other age groups have not yet been 
published by the ICRP. However, age-specific usage factors were used to 
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Figure G-1. Exposure Pathways Considered in Radiological Impact Assessments 
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calculate doses. The age groups considered were infant (0 to 1 year old) , 
child (1 to 11 years old), teen (11-17 years old), and adult (17 years old and 
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Dose-conversion factors are provided in ICRP-30 for many organs. These fac- 
tors depend on the physical and chemical nature of the radionuclide* The 
oral- and inhalation-dose conversion factors chosen for tritium presume it to 
be in the form of tritiated water. Also, to account for tritium absorption 
through the skin, the inhalation-dose conversion factor is increased by a fac- 
tor of 0,5, For all radionuclides released to the environment, an effective- 
whole-body-dose conversion factor was obtained by multiplying the individual- 
organ-dose conversion factors by the health-risk weighting factors presented 
in ICRP-30 and summing the results * 

Radiation doses are calculated for the maximally exposed individual. In addi- 
tion, collective radiation doses are calculated for the population within 80 
kilometers of the Savannah River Plant and that population served by the 
Beaufort- Jasper County and Cherokee Hill (Port Wentworth) water-treatment 
plants . 
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For airborne releases, annual average air concentration and ground deposition 
per unit release (x/Q and D/Q) were calculated for each of 160 segments (16 
wind-direction sectors at 10 distances) within an 80-kilometer radius of the 
site and for the site boundaries , using the methods implemented in the NRC 
computer program X0QD0Q (Sagendorf and Goll , 1976 ) • Site-specific meteoro- 
logical data were used to generate joint-frequency distributions (JFDs ) of 
wind speed, stability, and direction for input to X0QD0Q (Table G-i). These 
stability wind rose statistics were derived by 1-hour averaging of data col- 
lected at the 61-meter level of the SRP H-Area meteorological tower during the 
5-year period from 1975 to 1979. Stability class was determined from the ob- TC 
served azimuthal and vertical standard deviations (<^and a <£). Values of x/Q 
and D/Q by compass sector and radial increment for ground-level and elevated 
releases (using the windspeed measured at a height of 61 meters) are presented 
in Tables G-2 and G-3, respectively. Flat terrain was assumed; no credit was 
taken for plume rise induced by momentum or thermal effects. 



The meteorological dispersion parameters obtained by running the X0QDOQ code 
are used as input to the NRC CASPAR code (Eckerman et al., 1980), which imple- 
ments the radiological exposure models of Regulatory Guide 1.109, Revision 1 
(NRC, 1977) , to estimate doses from atmospheric exposure pathways to the ef- 
fective whole body and various organs. Dose-conversion factors presented in 
ICRP-30 were input to the GASPAR code. Population distribution data and 
milk-, meat-, and vegetable-production distribution data (Table G-4) for the 
16 wind-direction sectors are also used as input to GASPAR for calculating the 
collective dose to the regional population; the term "regional population" 
refers to those individuals residing within 80 kilometers of the Plant. PopU- 
l.nt" I on H.£il~.fl fnr fh** wear 9000 a r-o iioafl in f-Vii e ovi-iltri^-i*-- 

Source terms that are input to the GASPAR code and used in the calculation of 
doses to the maximally exposed individual and the regional population are 
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Table G-1 . Joint-Frequency Distribution of Wind: H-Area Tower, 1975-1979 



Wind speed class 
(m/sec) 
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NNE 
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ENE 
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SE 



SSE 



SSW 



SW 
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WNW 



NW 



NNW 
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0.0-2.0 
2.1-4.0 
4. 1-6,0 
6,1-8.0 
8,1-12.0 
12.0 



0.0-2.0 
2.1-4.0 

6.1-8.0 
8.1-12,0 
12.0 



0.0-2.0 
2.1-4.0 
4.1-6.0 
6.1-8.0 
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12.0 



0.0-2.0 
2.1-4.0 
4.1-6.0 
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12.0 



.04 
0.01 
0.00 

0.00 



0.09 
0.19 
Q.0S 

o!o2 

0.00 
0.00 



0.12 
0.20 
0.11 
0.01 
0.01 
0.00 



0.11 
0.31 
0.16 
0.06 
0.00 
0.00 



0.39 0,32 0.39 
0.31 0.28 0.31 



U.UD 

0.00 
0.00 
0.00 



0.10 
0.14 
Q.Q5 
0.02 
0.00 
0.00 



0.11 
0.19 
0.10 
0,02 
0.01 
0.00 



0.10 
0.34 
0.16 
0.04 
0.00 
0.00 



U.UD 

0.01 
0.00 
0.00 



0.17 
0.27 
0.07 

5,6i 
o.oo 

0.00 



0.21 
0.39 
0.18 
0.04 
0.01 
0.00 



0.17 
0.58 
0.33 
0.06 
0.01 
0.00 



ATMOSPHERIC STABILITY CLASS A (VERY UNSTABLE) 
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0,42 
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0.59 
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0.38 
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0.01 0.03 
0.00 0,00 
0.00 0.00 



0.01 
0.00 
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0.41 

0.68 

n. no 

W . uu 
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0.00 
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0.40 

0.48 

n no 
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0,37 

0.48 
n no 

U . U 'J 

0.06 
0.01 
0.00 



0.36 
0,45 

U ■ I -J 



0.40 

0.49 

n 17 
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0.06 0.01 
0.01 0.01 
0.00 0.00 
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0.13 

0.39 

6.04 
0.01 
0.00 



0.17 
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0.27 
0.03 
0.00 
0.00 
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0.82 
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0.08 
0.00 
0.00 



0.14 
0.98 
0.68 
0.06 
0.00 
0.00 



0.18 
0.66 
0.57 
u. \c 
0.01 
0.00 



0.18 
0.70 
0.62 

U- I t 

0.02 
0,00 



0.17 
0.51 
0.62 

n. i i\ 

0.04 
0.00 



0.17 
0.49 
0.93 

t\ no 
U . £-3 

0.05 
0.00 



0.16 
0.40 
0.32 
0.11 
0.05 
0.00 



0.16 
0.82 
0.73 

n r >r> 

0.08 
0.00 



0,40 
0.44 
0.12 

o!o2 

0.01 
0.00 



0.22 
0.29 
O.U 
0.04 
0.00 
0.00 



0.13 
0.38 
0.42 
0. 15 
0.03 
0.00 



0.23 

0.68 

0.73 
n o-j 

0.08 
0.02 



0.56 
0.56 
0,09 

6!o3 

0.01 
0.00 



0.22 
0.37 
0,16 
0.05 
0.00 
0.00 



0.25 
0.66 
0.47 
0. 18 
0.10 
0.01 



0.31 
0.79 
0.83 

0.24 
0.01 



0.61 
0.63 

0.02 
0.01 
0.00 



0.23 
0.44 
0-28 
0,02 
0,02 
0.00 



0.29 
0.60 
0.49 

U. 10 

0.11 
0.00 



0.32 

0.88 

1.14 
n cf\ 

0.37 
0.05 



0.46 
0.53 
.14 
0^03 
0.01 
0.00 



0.19 
0.31 
0,27 
0.07 
0.02 
0.00 



0.15 
0,49 
0.46 
u .if 
0.26 
0.01 



0,22 
0.77 
1.22 
.83 
0.47 
0.02 



0.39 
0.34 
0.08 

o!oT 

0,00 
0.00 



0.13 
0.28 
0.18 
0.03 
0.01 
0.00 



0.18 
0,35 
0.23 
u . r j 

0.09 
0.00 



0.15 
0.54 
0.41 
0.21 
(M5 
0.00 



6.49 
7.62 
1 ,64 
0.31 
0.09 
0.00 



2.46 
4.92 
2.85 
0.53 
0.08 
0.00 



2,75 
7.11 
5.58 

J , 3t 

0.76 
0,02 



2.98 
10.87 
10.73 
3,56 
Y.bl 
0.11 



i 







Table 


G-1 . J< 


Dint-Frequency 


Distri bution 


of Wind: 


H-Area Tower 


, 1975- 


-1979 ( 


conti nued ) 








Wind speed class 




































(m/sec) 


N 


NNE 


NE 


ENE 


E 


ESE 


SE 


SSE 


S 


ssw 


SW 


wsw 


W 


WNW 


NW 


MNW 


TOTAL 










ATMOSPHERIC STABILITY 


CLASS E 


(SLIGHTLY STABLE) 














0.0-2.0 


0,05 


0.10 


0.16 


0.06 


0.09 


0,06 


0.15 


0.08 


0,19 


0.08 


0.12 


0.16 


0.18 


0.14 


0.11 


0.09 


1,81 


2.1-4.0 


0.26 


0.28 


0.43 


0.27 


0.56 


0.38 


0.67 


0.45 


0.41 


0.27 


0.63 


0,63 


0.58 


0,43 


0.51 


0.38 


7.13 


4.1-6.0 


0,21 


0.19 


0.37 


0,69 


0.58 


0.55 


0.65 


0.64 


0,65 


0.80 


0.92 


0.74 


0.86 


0.84 


0.57 


0.37 


9.64 


6.1-8.0 


0.01 


0.01 


0.09 


0,06 


0.03 


0,05 


0.10 


0.03 


0,08 


0.15 


0.14 


0.13 


0.14 


0.08 


0.03 


0.02 


1.16 


8.1-12.0 


0.00 


0.00 


0.00 


0.00 


0.00 


0.00 


0.00 


0.00 


0.00 


0.00 


0,00 


0.00 


0.01 


0.02 


0.00 


0.00 


0,03 


12.0 


0.00 


0.00 


0.00 


0,00 


0.00 


0.00 


0.00 


0.00 


0.00 


0.00 


0,00 


0.00 


0.00 


0.00 


0.00 


0.00 


0,00 












ATMOSPHERIC 


STABILITY CLASS F (STABLE) 
















0.0-2.0 


0.03 


0.01 


0.03 


0.02 


0,02 


0.03 


0,03 


0.02 


0.03 


0.02 


0.02 


0,01 


0.02 


0.01 


0.00 


0.01 


0.30 


2.1-4.0 


0.15 


0,08 


0.11 


0.02 


0.10 


0.03 


0,22 


0.09 


0.08 


0.05 


0.09 


0.09 


0.10 


0.12 


0.03 


0.07 


1.44 


4.1-6.0 


0.13 


0,15 


0.24 


0.30 


0.22 


0.08 


0.23 


0.13 


0.14 


0.06 


0.16 


0.14 


0.16 


0.18 


0.05 


0.05 


2.42 


6.1-8.0 


0.01 


0.00 


0.03 


0.03 


0,01 


0.01 


0,03 


0.02 


0.02 


0.02 


0.04 


0.00 


0,03 


0.02 


0.00 


0.01 


0.29 


8.1-12.0 


0.00 


0,00 


0.00 


0.00 


0.00 


0.00 


0.00 


0.00 


0.00 


0.00 


0.00 


0.00 


0.00 


0.00 


0.00 


0.00 


0.01 


12,0 


O.OO 


0,00 


0.00 


O.OO 


0.00 


0.00 


0.00 


0.00 


0.00 


0,00 


0.00 


0.00 


0.00 


0.00 


0.00 


0.00 


0.00 












ATMOSPHERIC STABILITY CLASS 


G (VERY 


STABLE) 














0.0-2,0 


0.00 


0.01 


0.01 


0.00 


0.01 


0.00 


0.04 


0.00 


0,00 


0.00 


0.00 


0,00 


0.05 


0.00 


0.00 


0.00 


0,14 


2.1-4.0 


0.00 


0.07 


0.26 


0.01 


0.01 


0.01 


0.10 


0.00 


0.01 


0.00 


0.01 


0.00 


0.00 


0.00 


0,00 


0.00 


0,50 


4.1-6,0 


0.00 


0.00 


0.07 


0.01 


0,00 


0.01 


0,03 


0.01 


0.01 


0.01 


0.00 


0.00 


0.00 


0.01 


0.00 


0.01 


0.18 


6.1-8.0 


0.00 


0.00 


0.00 


0.00 


0.00 


0.00 


0.00 


0.00 


0.00 


0.00 


0.00 


0.00 


0.00 


0.00 


0.00 


0.00 


0.01 


8.1-12.0 


0.00 


0.00 


0.00 


0.00 


0.00 


0.00 


0.00 


0.00 


0.00 


0.00 


0.00 


0.00 


0.00 


0.00 


0,00 


0.00 


0.00 


12.0 


0.00 


0.00 


0.00 


0.00 


0,00 


0.00 


0,00 

ALL 


0.00 

CLASSES 


0.00 


0.00 


0.00 


0.00 


0.00 


0.00 


0.00 


0.00 


0.00 


All classes 


3,06 


2.94 


5.08 


6.57 


7.23 


6.31 


6.52 


5,62 


5.77 


6.08 


6,90 


6.76 


8.42 


9.15 


8.59 


4.97 





Table G-2. Annual Average Meteorological Dispersion/Deposition Parameters Within 80 Kilometers of SRP Center for Ground-Level Releases 



Distance (km) 



Oi recti on 
from site 



0-2 



2-3 



3-5 



5-6 



6-8 



8-16 



16-32 



32-48 



48-64 



64-80 



i 



N 

NNE 

NE 

ENE 

E 

ESE 

it 

SSE 

s 
ssw 

sw 

wsw 

w 

WNW 

NW 

NNW 



8.254 
7.390 

9.494 
9.499 

1.227 
1.156 



r\ act? - 



6.359 
4.705 
5.057 
9.776 
8.207 
9.536 
7.890 
1.103 
7.672 



o-Z 

°'? 
°7 

-6 

0-7 

D" 7 



-7 

o-; 

0-6 
0" 7 



2.524 
2.245 
2.912 
2.902 

3.746 
3.503 

i ace 

1.918 
1.433 
1.551 
3.013 
2.479 
2.893 
2.373 
3.407 
2.342 



10 
10 



-7 
-7 



10-7 
IO" 7 



10 



-1 

io- 7 
io- 7 

IO' 7 
IO"? 
IO" 7 



10 
10 



-7 
-7 



1.084 
9,554 
1,251 
1.241 
1.605 
1.486 

1 ■>1'3 - 

I.1.IJ A 

8.127 
6.196 
6.730 
1.313 
1.048 
1.230 
1.007 
1.484 
1.003 



ANNUAL AVERAGE X/Q, UNDECAYED AND UNDEPLETEO (sec/m 3 ) 



-7 

-8 
-1 
-1 
-7 

in-/ 



10 
10 
10 
10 
10 



10 
10 
10 
10 
10 
10 
10 
10 
10 



-8 
-8 
-8 
-7 
-1 
-7 
-7 
-7 
-7 



6.403 
5.606 
7.339 
7.304 
9.473 
8.699 



7 n-yo „ 

¥ t \j i j n. 



4.757 
3.681 

4.009 
7.850 
6.127 
7.213 
5,889 
8.866 
5.907 



-8 
-8 
0-8 

°i 
°i 

-8 
n-B 



-8 



Q -8 
-8 
-8 

0-8 

-8 
0' 8 



4.365 
3.802 
5.035 
4,966 
6.453 
5.889 
4.781 
3^221 
2.522 
2.752 
5.404 
4.144 
4.892 
3.987 
6.096 
4.019 



-8 
-8 

°1 

°i 

n-o 

ol 

-8 
-8 
0-8 
0-8 
0-8 
0-8 
0-8 

0" 8 



2.117 

1.827 

2.434 

2.397 

3.125 

2.824 

2.282 

l!548 

1.236 

1.351 

2.666 

1.984 

2.354 

1,917 

2,997 

1.939 



-8 
-8 
0-8 
-8 

0-8 

5-8 
0-8 

oi 

-8 

0-8 

-8 

0-8 
-8 



7.908 
6.741 
9.042 
8.882 
1.167 
1.039 
8.327 
5,727 
4,709 
5.156 
1.025 
7.307 
8.718 
7.106 
1.144 
7.193 



0-9 

oi 

-9 
-8 

0"n 

Si 

0" 9 
-8 

°i 

oi 
°i 

0-8 
O" 9 



3.881 
3.291 
4.417 
4.330 
5.747 
5.068 
4_fl2Q 
2.813 
2.353 
2.576 
5.149 
3.576 
4.276 
3.494 
5.699 
3.517 



-9 

oi 

0" 9 

oi 

0-9 



-9 



0-9 

°i 

°i 
°i 
oi 

-y 



2.468 
2.089 
2.800 
2,742 
3.666 
3.216 
2.544 

1.793 
1.515 
1.656 
3.322 

2,276 
2.722 
2,229 
3,657 
2,233 



oi 

0" 9 

«i 

G" 9 

oi 
oi 

0-9 
0~ 9 

oi 

0-9 

0- 9 
o- 9 

0" 9 

oi 
oi 

o- 9 



1.769 
1.495 
2.002 
1.959 
2.634 
2.302 
1.814 
1.288 
1.095 
1.197 
2.407 
1.632 
1.953 
1.603 
2.638 
1.598 



ioi 

ioi 
io- 9 

IO" 9 

°i 

10"? 

ioi 
IF? 
IF! 

IO" 9 



iL 



ANNUAL AVERAGE X/Q, DECAYED AND UNDEPLETEO (sec/m J ) 



N 

NNE 

NE 

ENE 

E 

ESE 

SE 



8.235 
7.375 
9.476 
9.479 
1.224 
1.154 
9.447 



10 



-7 



io- 

10-7 
IO" 7 

10-° 

IO -6 



10 



-7 



2.513 

2.236 
2.901 
2.890 
3.729 
3.488 
2.856 



10 
10 



-7 
-7 
-7 



10- 

10-7 
10-7 
10-7 
IO" 7 



1.076 
9.490 
1.243 
1.232 
1.593 
1.476 
1.205 



10 
10 
10 
10 
10 
10 
10 



-7 

-8 
-7 
-7 
-7 
-7 
-7 



6.334 
5.553 
7.322 
7.231 
9.367 
8.613 
7.014 



10-8 
10 -8 

10"° 

l0 i 

10 -8 

io-s 

10 _B 



4,304 
3.756 
4.976 
4.902 
6.361 
5.815 
4.725 



10 i 

IO" 8 
IO" 8 
IO" 8 
IO" 8 
IO" 8 



10 



-8 



2.070 
1.791 
2.388 
2.347 
3.052 
2.766 
2.238 



io- 8 

10~ 8 
IO" 8 
10-6 

IO" 8 
IO" 8 



7.557 
6.477 
8.701 

8.514 
1.113 
9.970 
8.005 



i°i 

10-9 

^i 

IO" 8 

!oi 

IO' 9 



3.592 
3.073 
4.135 
4.028 
5.297 
4.721 
3.764 



IO' 9 
IO" 9 

10 i 

!0i 

io- 9 

io- 9 

10" 9 



2.214 
1.896 
2,552 
2.477 
3.268 
2.909 
2,310 



oi 

O" 9 

o~ 9 
o- 9 

O" 9 

o- 9 



-9 



1.538 
1.320 
1.776 
1,719 
2.271 
2.023 
1,602 



!°i 

IO" 9 

io i 

^i 

IO" 9 

10- 9 



Table 6-2. Annual Average Meteorological Dispersion/Deposition Parameters Within 80 Kilometers of SRP Center for Ground-Level Releases (continued) 

Distance (km) 



01 recti on 
from site 



0-2 



2-3 



3-5 



5-6 



6-8 



8-16 



16-32 



32-48 



48-64 



64-80 



ANNUAL AVERAGE X/Q, DECAYED AND UNDEPLETEO (sec/m 3 ) (continued) 



O 
I 



SSE 
S 

ssw 

sw 

wsw 

w 

www 

NW 
NNW 



N 

NNE 

NE 

ENE 

E 

ESE 

SE 

SSE 

S 

SSW 

SW 

wsw 
w 

WNW 

NW 

NNW 



6.345 
4,694 
5.045 
9.755 
8.191 
9.518 
7.874 
1,101 
7.657 



7.396 
6.623 
8.508 
8.512 
1.100 
1.036 
8.483 
5.699 
4.216 
4.532 
8.761 
7.355 
8.547 
7.071 
9.889 
6.876 



10 
10 



-7 

-7 



io-7 

10-7 
10-7 
IO" 7 



10 



-7 



lQ"!j 
10" 7 



io-; 

lo-Z 

10-7 

l0 ~K 
10-6 

10-6 
IO- 7 
IO" 7 
10-7 
10-7 
IO" 7 
10-7 
IO"? 
IO"? 
10-7 
IO" 7 



1.910 

1.427 
1.544 
2,999 
2.470 
2,882 
2,368 
3,392 
2.332 



2.154 
1,916 
2.485 
2.476 
3.196 
2.990 
2.447 
1.637 
1.223 
1.323 
2.570 
2.116 
2.469 
2.030 
2.907 
1.999 



10 
10 
10 
10 



-7 
-7 
-7 
-7 



IO" 7 
10-7 
IO" 7 



10 
10 



-7 

-7 



0-7 

°~7 

°7 

° 7 
0-7 

0-7 

0-7 

0-7 

-7 

0-7 
0-7 
0-7 

0-7 



-7 
-7 
-7 



8.068 
6.148 
6.677 

1.303 
1.042 
1,221 
9,997 
1.474 
9.959 



8.784 
7.745 

1.014 
1,006 
1,301 
1.204 
9.830 
6.587 
5.021 
5.453 
1.064 
8.499 
9.967 
8.159 
1.203 
8.127 



10-8 
10-8 
IO"? 
10-7 
10-7 

IO"? 
10-7 
IO" 8 



10 
10 
10 
10 



-8 
-8 
-7 
-7 

IO" 7 
10-7 

10-8 
IO" 8 
ID" 8 
10"8 
10-7 
10-8 
10-8 
10~ 8 
IO" 7 

10" 8 



4.708 
3.641 
3.965 
7.768 
6.072 
7.145 
5.832 
8.774 
5.851 



10-8 
IO" 8 

10 1 
IO" 8 

10-8 
10-8 
10-8 
IO" 8 
IO" 8 



3.179 
2.487 
2.713 
5,332 

4,096 
4.833 
3.937 
6.015 
3.969 



10-8 
IO" 8 
10-8 
10-8 
10-8 
10-8 
10-8 

IO" 8 
IO" 8 



1.515 

1.208 
1.321 
2,609 
1,948 
2.308 
1.879 
2.932 
1,901 



IO" 8 
IO" 8 
IO" 8 
IO" 8 
IO" 8 
IO" 8 
10-8 
IO" 8 
IO" 8 



5.484 
4.497 
4.925 
9.816 

7.038 
8.379 
6.819 
1.094 
6.910 



ANNUAL AVERAGE X/Q, DECAYED AND DEPLETED (sec/m 3 ) 



4.988 
4.369 

5.759 
5.692 
7.379 
6.779 
5.518 
3.706 
2.868 
3.123 
6.115 
4.776 
5.621 
4.589 
6.907 
4.604 



°1 
-8 

-8 
-8 
0-8 

0-8 
-8 
0-8 

0-8 
0-8 

-8 

Q-8 



3.290 
2.868 
3.798 
3.744 

4.864 
4.441 
3.607 
2.429 
1.901 
2.074 
4.074 
3.126 
3.690 
3.007 
4.596 
3.031 



IO' 8 

10" 8 
10-8 
10-8 

10-8 

10-8 

10-8 

10*8 

10-8 

10-8 

10-8 
10 -8 

10-8 
IO" 8 
IO" 8 
10" 8 



1.496 
1.293 
1.723 
1.695 
2.208 
1,997 
1,615 
1.094 
8.734 
9.548 
1,884 
1,405 
1.665 
1.356 
2,118 
1,372 



-8 
-8 

0-8 
-8 

0-8 

-8 

-8 
0-8 
0-8 

« 
-8 

-8 



4,918 
4.200 
5.635 
5.530 
7.253 
6.472 
5,190 
3.564 
2.926 
3,205 
6,374 
4.555 
5.431 
4.425 
7,111 
4.481 



10-9 

io-9 

ioi 

10" 9 

IO" 9 
10-9 

IO" 8 
10-9 



IO" 9 
10-9 
10-9 
IO" 9 
10-9 
IO" 9 
IO" 9 
10-9 

IO" 9 

IO" 9 
10^9 
10-9 

10-9 
IO- 9 



2.611 
2,175 
2,382 
4.786 
3.355 
3.996 
3.255 
5,287 
3.283 



2.112 
1.795 
2.411 
2.360 
3.124 
2.763 
2.199 
1.532 
1.280 
1.401 
2.805 
1.953 
2.333 
1.905 
3.103 
1.919 



10-9 
10-9 

10-9 
IO" 9 
10-9 
IO' 9 
IO" 9 
10-9 
10-9 



10-9 
10-9 
10-9 

io—2 

10-9 
10-9 
10-9 
10-9 
10-9 
10-9 



10 



-9 



1.615 
1,355 
1,484 
2.999 
2.080 
2.475 x 
2.017 x 
3,291 x 
2.027 x 



10-9 

10-9 

10-9 
IO" 9 



1.212 
1.029 
1.381 

1.349 
1.796 
1.583 
1.253 
8.813 
7.429 
8.128 
1.634 
1.123 
1.341 
1.097 
1.797 
1.100 



l0 -9 

10-9 
10-9 
10-9 
10-9 

10-9 
IO" 9 



10-9 
10-9 
10-9 

10-9 
10-9 

IO" 10 

10 -10 

10-9 
10-9 
10-9 

10-9 
IO" 9 



1.125 
9.491 
1.039 
2.110 
1.454 
1,727 
1,408 
2.303 
1.411 



7.949 

6.749 
9.050 
8.827 
1,181 
1.038 
8.190 
5.798 
4.918 
5.378 
1.084 
7.387 
8.821 
7.225 
1.187 
7,215 



10 -1Q 
10-9 

io-g 

10-9 
10-9 
10-9 
10"9 
10-9 



IO" 10 

10 - 
10 -10 

10-9 

10 ~ 2 

io-o 
io-J° 

10-9 
U" 2 

10 -io 

IO" 9 

10-10 



Table G-2, Annual Average Meteorological Dispersion/Deposition Parameters Within 80 Kilometers of SRP Center for Ground-Level Releases (continued) 
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Table G-3. Annual Average Meteorological Dispersion/Deposition Parameters Within 80 Kilometers of SRP Center for Elevated Releases 

Distance (km) 



Di rection 
from site 



0-2 



2-3 



3-5 



5-6 



6-8 



8-16 



16-32 



32-48 



48-64 



64-80 



ANNUAL AVERAGE X/Q, UNDECAYED AND UNDEPLETED (sec/m 3 ) 



N 

NNE 
NE 
ENE 
E 

ESE 
SE 
O SSE 



I 



5 

ssw 
sw 

WSW 

w 
www 

NW 
NNW 



1.657 
1.715 
1.851 
1.979 
2.592 
2.821 
2.365 
1.609 
9.942 
9.513 
1.629 
2.038 
2.212 
2.032 
1.796 
1.648 





°i 

°~7 
°"7 

° 1 
-8 
-8 

0" 7 



-7 



o-Z 

0" 7 



-7 
-7 



9,830 
9.824 
1.140 
1.186 
1.492 
1.583 
1.357 
8.715 
5.287 
5.374 
9.250 
1 .107 
1.229 
1.085 
1.080 
9.680 



-8 

°i 

0" 7 



-7 
-7 
-7 
-7 

-8 



-8 



0-3 
0~ 7 



-1 

R 



6.035 
5.792 
7.034 
7.223 
8.848 
9.177 
7.860 
5.018 
3.174 
3.282 
5.601 
6.305 
7.136 
6.167 
6.754 
5.825 



0-8 

°i 

-8 
0-8 
-8 
-8 

°i 

-8 



-8 



-8 

°i 

-8 
0-8 

Q-B 



4.110 

3.855 

4.786 

4.881 

5.922 

6.061 

5.161 

3.311 

2.172 

2.247 

3.832 

4.144 

4.735 

4.047 

4.674 

3.922 



r S 

] R 
] R 
] R 



0-8 

0-8 

0-8 
0-8 

°i 

0-8 
-8 
-8 
-8 



3.030 
2.800 
3.523 
3,578 
4.323 
4.382 
3.711 
2.394 
1,615 
1.669 
2.850 
2.991 
3.438 
2.918 
3.492 
2.870 



°1 
-8 



-8 

5-8 
0-8 

-8 
-8 
-8 

-8 

0-8 
0-8 

0~ 8 



1.617 
1.461 
1.870 
1.891 
2.278 
2,274 
1.904 
1.246 
8.8Q4 
9.063 
1.560 
1.553 
1.800 
1.515 
1.911 
1.573 



-8 



-8 



-8 
0-3 

°1 

oi 

-8 
0-8 



-8 



-8 
0" 8 



6.688 
5.878 
7.660 
7.703 
9,331 
9.098 
7.490 
5.017 
3.772 
3.867 
6.776 
6.242 
7.305 
6.103 
8.213 
6.767 



°i 

0-8 

°i 
°i 

0-9 

°i 
°i 
°i 

-8 
-9 



3.455 
2.997 
3.931 
3.936 
4.829 
4.628 
3.757 
2.571 
2.007 
2.055 
3.661 
3.200 
3.760 
3.132 
4.375 
3.163 



°i 
oi 
°i 

0' 9 

o-9 

°i 

0" 9 

°i 

0" 9 
0" 9 

o- 9 

o- 9 

°i 

0" 9 



2.246 
1.938 
2.546 
2.542 
3.150 
2.990 
2.407 
1.669 
1.329 
1,360 
2.449 
2.078 
2.445 
2.036 
2.897 
2.049 



0-9 

0~ 9 

o- 9 

0" 9 

0" 9 

°i 
°i 

-9 

cr 9 



1.630 
1.402 
1.843 
1.837 
2.294 
2.162 
1.731 
1,212 
9.773 
1.000 
1.815 
1.508 
1.777 
1.480 
2.131 
1.485 



io-9 

IO" 9 

°i 

0~ 9 

o- 9 

*i 

I0" 9 

IO" 9 
l0 -10 

O" 9 

oi 

0~ 9 

■°i 

fO" 9 



ANNUAL AVERAGE X/Q, DECAYED AND UNDEPLETED (sec/m 3 ) 



N 

NNE 

NE 

ENE 

E 

ESE 

SE 



1.653 
1.711 
1.846 
1.974 
2.586 
2.813 
2.359 



10 



-7 

IO" 7 
ID" 7 
10" 7 



10 
10 
10 



-7 
-7 
-7 



9.782 
9.781 
1.135 
1.181 
1.484 
1.575 
1.351 



10 



-8 



io~5 

lO" 7 

10" 7 



10 
10 
10 



-7 
-7 
-7 



5.987 
5.751 
6.986 
7.168 
8.779 
9.108 
7.808 



10-8 
10 o 
10 -8 



10 



-8 



IO" 8 
10-f 
lO" 8 



4.064 
3.818 
4.741 
4.831 
5.858 
5.998 
5.113 



lO" 8 
lO -8 



10 



-8 



lO" 8 
lO' 8 

io-s 

10" 8 



2.987 
2.765 
3.481 
3.530 
4.263 
4.324 
3.666 



lO' 8 
IO -8 



-8 
-8 
-8 

lO -8 
10~ 8 



10 

10 
10 



1.580 
1.431 
1.833 
1.850 
2.227 
2.225 
1.868 



lO" 8 
lO" 8 
lO" 8 
lO" 8 
10^ 8 
10-8 
10" 8 



6.384 
5.644 
7.366 
7.377 
8.914 
8.716 
7.199 



10~ 9 
IO" 9 
1Q-9 
10-9 

10- 9 

TO" 9 
10" 9 



3.194 
2.797 
3.679 
3.658 
4.466 
4.304 
3.511 



io- 9 

10^ 9 
ID" 9 
IO" 9 
TO" 9 
IO" 9 



2.012 
1.758 
2.319 
2.294 
2.822 
2.700 
2.187 



10-9 

10-9 

TO-9 

IO" 9 



1.416 
1.237 
1.634 

1.610 
1.990 
1.896 
1.529 



IO" 9 
10-9 

10 -| 

10-9 
IO" 9 



*-i-i _ r. o 



a ...... .1 a u_j __1 _ _i i n^ j- __ /n j- j. ^ __ n __i. u: lLJ. on i/.'l __— j. _ __ * J fnn r-j._i.__ _ _ _ F1....L.J o__T^-_ — — <'_.___.; _..*J\ 



Oi stance (km) 



Di recti on 
from si te 



0-2 



2-3 



3-5 



5-6 



6-8 



8-16 



16-32 



32-48 



48-64 



64-80 



ANNUAL AVERAGE X/0. DECAYED AND UNDEPLETED (sec/m*) (continued* 



SSE 
S 

ssw 

SW 

W5W 

W 

WNW 

NW 

NNW 



N 

NNE 

NE 

ENE 

E 

ESE 

SE 

s 
ssw 

sw 

wsw 
w 

WNW 

NW 

NNW 



1.604 

9.914 
9.486 
1.624 
2.033 
2.207 
2.027 
1.791 
1.644 



1.617 

1.673 
1.807 
1.931 
2.528 
2.750 
2.308 

1 Sfi7 



9.680 
9.270 
1,587 
1.985 
2.156 
1.980 
1.752 
1,608 



ID"? 
10-8 
10-8 
10"? 
10-7 

io-7 

10" 7 



10 
10 



-7 
-7 



io- 

lO- 7 

ID" 7 
ID" 7 
10-7 
10-7 

10-7 
in -7 

10-8 
10 _ 8 
10-7 
10-7 
10-7 
10-7 
ID" 7 



10 



-7 



8.673 
5.259 

5.345 
9.201 
1.103 
1.224 
1.080 
1.075 
9.637 



9.484 
9.451 
1.100 
1.145 
1.435 
1.520 
1.304 
8.367 
5.077 
5.176 
8,906 
1.062 
1.181 
1.041 
1.042 
9.323 



10-8 
10-8 
10-8 
10"? 

ID" 7 



10 



-7 



ID"? 
ID"? 
TO -8 



0-8 

0-8 

0" 7 



-7 

H 

°~8 
5-8 

-8 

0-7 
0"7 



4.979 

3.148 
3.254 
5.553 
6.261 
7.087 
6.124 
6.703 
5.783 



5.757 
5.490 

6.711 
6.882 
8.396 
8.673 

7.426 

A 74fi 



-7 



°~8 
0" 8 



3.010 
3.126 
5-332 
5.949 
6.755 
5.819 
6.453 
5.532 



10 
10 
10 
10 

10 
10 
10 
10 
10 



-8 
-8 

-8 
-8 
-8 
-8 
-8 
-8 
-8 



r 8 

'1 
'1 

P 
-8 



U 

o -8 



-8 

o -8 



3.276 
2.147 
2.221 

3.787 
4.105 
4.690 
4.008 
4.625 
3.883 



10-8 
10-8 
10-8 

10-8 
10-8 

10-8 
10-8 

TO" 8 



2.362 

1.591 
1.643 
2,807 
2.955 
3.397 
2.882 
3.445 
2.833 



10-8 
10-8 

l0 i 

10-8 
10-8 

10-8 
10-8 
10-8 



1.218 
8.596 
8-841 
1.523 

1.523 
1.765 
1.485 
1.869 
1.482 



10 

10 
10 
10 
10 
10 
10 
10 
10 



-8 
-9 
-9 
-8 
-8 
-8 
-8 
-8 
-8 



4.799 
3.597 
3.683 
6.462 
6.004 
7.021 
5.856 
7.863 
5.917 



ANNUAL AVERAGE X/Q, DECAYED AND DEPLETED (sec/m 3 ) 



3.886 
3.613 
4.524 
4,606 
5.561 
5.655 

4.809 
7 nas 



2.041 
2.122 
3.619 
3.862 
4.433 
3.770 
4.431 
3.684 



-8 

o"5 

0-8 

°i 

-8 
n-B 

-8 
0-8 

0"? 
-8 

-8 
O- 8 



2.845 

2.600 
3.305 
3.349 
4.024 
4.046 
3.418 
2.217 
T.506 
1.565 
2,674 
2.760 
3.190 
2.690 
3.290 
2.673 



-8 
0-3 
-8 

0~2 
-8 

n-8 

0-8 

°'fl 
0-8 
0-8 
0-8 

0-8 

_S 



1.493 
1.328 

1.724 
1.738 
2.080 
2.051 
1.711 
1.129 
8.068 
8-362 
1.444 
1.402 
1.637 
1.365 
1.775 
1.382 



-8 

-8 



5 1 
°1 

°1 

°i 
°1 

si 

Si 



5.959 
5.120 

6.824 
6.820 
8.195 
7.833 
6.395 
A 744 



3.330 
3,450 
6.092 

5.392 
6.379 
5.239 
7.415 
5.410 



10-9 

1Q-9 
lO" 9 
10-9 

ioi 

ioi 

io-9 



°i 
oi 
oi 
oi 
oi 

°i 

oi 

oi 
oi 
oi 

°i 
oi 
oi 
oi 

0-9 



2.384 

1.853 
1.894 
3,384 
2.997 
3.515 
2.918 
4.064 
2.949 



2.962 
2.494 
3.375 
3.348 
4.068 
3.791 
3.040 
2.119 
1.702 
1.767 
3.193 
2.638 
3.144 
2.555 
3.830 
2.659 



10-9 

!oi 

10-9 

!°i 
!oi 

l0 -9 

10-9 
10-9 



°i 

°i 

0-9 

oi 
°i 
°i 

°i 

n-9 

«i 
ioi 

O- 9 

°i 

0-9 

oi 

oi 

0-9 



1.501 
1.188 
1.213 
2.195 
1.395 
2.225 
1.843 
2.612 
1.857 



1.857 
1.546 

2.112 
2.084 
2.554 
2.342 
1.857 
1 .314 
1.084 
U130 
2.075 
1.642 
1.965 
1.585 
2.463 
1.658 



10 
10 



-9 
-9 



10-9 
10-9 

lO" 9 



-9 



n 



-9 

;-9 






1.057 
8.459 
8.643 
1,578 
1.340 
1.573 
1.301 
1.865 
1,308 



1.294 
1.069 
1.472 
1.446 
1.783 
1.615 
1.270 
q nfiR 



-9 
-9 



7.636 
7.988 

1.487 

1.139 
1.368 
1.096 
1.751 
1.151 



T0 "? n 
U-10 

T *i 

10-9 
10-9 
10-9 

ioi 

lO" 9 ' 



!0i 
iOi 

0-9 

:0"9 

0-9 

I0"2 

10-9 

■n-10 
10-10 
10-10 

°i 
oi 

oi 

10-9 

0-9 
lO" 9 



Table G-3, Annual Average Meteorological Dispersion/Deposition Parameters Within 80 Kilometers of SRP Center for Elevated Releases (continued) 
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2,473 x 


JO" 9 
10-9 
10-9 

tO" 9 
IO" 9 

io- 9 

IO" 9 
IO" 9 
I0" 9 

IO' 9 
IO' 9 
IO" 9 

°i 

°i 

o- 9 


9.109 x 


io-io 

10-g 
10-9 

io-2 

10-9 

10 1 
10~ 9 

io-io 
io-io 
io- 10 

,0-10 

io- 9 

IO" 9 
0" 9 

o-io 
o-io 


4.045 x 


10" 


10 
10 
10 
















2.331 x 


10" 


10 
10 
10 


1.539 


X 


1(r o 


6.845 


X 


io- 


ii 


2.264 


X 


io-] 


} 1-049 


X 


10" 




6,614 


X 


10" 


12 


4.729 


X 


10" 


12 


NNE 


2.697 x 


1.011 x 


4.511 x 


10" 


2.602 x 


10" 


1.717 


X 


10 -0 


7.626 


X 


10" 


1 1 


2.506 


X 


10" 


1.151 


X 


10" 




7.194 


V 


in- 


12 


5.100 


X 


10" 


12 


Nt 


2.740 x 


1.038 x 


4.647 x 


10" 


2.682 x 


io- 


1,770 


X 


10 -o 


7.851 


X 


10" 


/ } 


2.569 


X 


10" 


] 1.179 


X 


in- 




7.421 


X 


in- 


12 


5.323 


X 


io- 


12 


ENE 


2.811 x 


1.059 x 


4,737 x 


10" 


2.733 x 


10~ 







1.804 


X 


10 "S 


8.005 


X 


10" 


1 


2.625 


X 


10" 


1.205 


X 


in- 




7.565 


X 


in- 


2 


5.399 


X 


10" 


2 


t 


3.650 x 


1.369 x 


6.114 x 


10" 


3.527 x 


10" 


2.327 


X 


10 - 


1.033 


X 


10" 


u 


3.394 


X 


10" 


1 1.559 


X 


10" 




9.764 


X 


10" 


2 


6.939 


X 


10" 


2 


ESE 


4.124 x 


1.582 x 


7.110 x 


10" 


4.104 x 


10" 


2.708 


X 


io-o 


1.200 


X 


10" 





3.908 


X 


io- 


} 1.776 


X 


io- 




1.100 


X 


irr 


II 


7,739 


X 


10" 


2 


SE 


4.028 x 


1.575 x 


7.119 x 


10" 


4.113 x 


10" 





2.714 


X 


io-o 


1.200 


X 


io- 


u 


3.880 


X 


10" 


} 1.747 


X 


10" 




1.072 


X 


irr 


11 


7.461 


X 


w- 


2 


SSE 


2.366 x 


8.707 x 


3.865 x 


10" 


2.228 k 


10" 





1.470 


X 


10 - 


6.541 


X 


10" 




2.164 


X 


10" 


9.996 


X 


10" 


12 


6.248 


X 


in- 


12 


4.412 


X 


irr 


2 


S 


1.385 x 


4.897 x 


2.146 x 


10" 


1.235 x 


10" 





8.152 


X 


io- 


3.642 


X 


10" 




1.224 


X 


10" 


5.765 


X 


10' 


12 


3.666 


X 


10" 


12 


2.621 


X 


10" 


2 


ssw 


1.251 x 


4.481 x 


1,972 x 


10" 


1.136 x 


10- 






7.496 


X 


l0 "n 


3.344 


X 


10" 




1.118 


X 


10" 


5.246 


X 


10" 


12 


3.340 


X 


10" 


12 


2.407 


X 


10" 


2 


sw 


1.979 x 


7.211 x 


3.191 x 


io- 


1.839 x 


10" 


1.213 


X 


io-o 


5.404 


X 


10" 




1.796 


X 


10" 


8.384 


X 


10" 


12 


5.355 


X 


10" 


12 


3.888 


X 


io- 


2 


WSW 


3.024 x 


1,120 x 


4.979 x 


10* 


2.870 x 


10" 





1.894 


X 


io-o 


8.423 


X 


10" 




2.780 


X 


10" 


1.282 


X 


10" 




8.021 


X 


10" 


12 


5.678 


X 


10" 


2 


W 


3.342 x 


1.228 x 


5.447 x 


10" 


3.139 x 


10" 






2.072 


X 


io-o 


9.220 


X 


10". 




3.052 


X 


10" 


] 1,412 


X 


10" 




&.B52 


X 


10" 


12 


6.275 


X 


10" 


2 


WWW 


3.053 x 


1.120 x 


4.969 x 


10" 


2.864 x 


10" 


1.890 


X 


10 - 


8.411 


X 


10" 




2,785 


X 


10" 


K288 


X 


10" 




8.043 


X 


10" 


2 


5.673 


X 


10~ 


2 


NW 


2.555 x 


9.364 x 


4.152 x 


10" 


2.393 x 


10" 



Q 


1.579 


X 


10 -0 


7.028 


X 


10", 




2,330 


X 


10" 


K085 


X 


io- 




6.912 


X 


10" 


2 


5.008 


X 


10" 


2 


NNW 


2.415 x 1 


9.062 x 


4,047 x 


10 _1 


2.334 x 


10" 1 


1.540 


X 


io-i° 


6.840 


X 


io- 




2.246 


X 


10-' 


1 1.032 


X 


io- 




6.468 


X 


10" 


I 


4.602 


X 


10" 


2 



Table G-4, 



Population and Annual Food Production Within 80 Kilometers of the 
SRP Center* 



Distance (km) 



Direction 0-8 



N 

NNE 

NE 

ENE 

E 

ESE 

SE 

SSE 

S 

ssw 
sw 
wsw 
w 

WNW 

NW 

NNW 























8-16 



Total b 



1,507 

70 

283 

25 

















440 

4,019 

1,118 

4,208 



11,670 



16-32 



32-48 





POPULATION 


5,589 


7,411 


1,118 


2,952 


1,218 


5,213 


6,783 


5,150 


3,203 


11,430 


5,778 


4,899 


452 


7,285 


766 


1,143 


1,080 


1,570 


264 


2,387 


553 


3,894 


496 


5,652 


2,575 


9,420 


5,778 


247,443 


15,701 


64,059 


40,822 


16,957 



48-64 



92,176 



396,863 



8,541 
4,899 
9,295 
8,039 
6,029 
4,208 
5,652 
565 
7,034 
6,908 
2,261 
1,821 
3,705 

84,156 
5,778 

14,445 



173,336 



64-80 



20,725 
17,585 
12,435 

44,590 
9,672 
4,333 
9,797 
5,087 
3,957 
3,454 
3,140 
7,662 
12,435 
15,701 
2,512 
4,899 



177,983 



0-80 



43,774 
26,623 
28,443 
64,586 
30,334 
19,218 
23,187 
7,561 
13,641 
13,013 
9,847 
15,632 
28,575 
357,096 
89,167 
81,330 



852,027 



MILK PRODUCTION (liters/yr) 



BC-22| 



N 





1,64 x 


10* 


1.03 


X 


1 5 


1.72 x 


1°! 


NNE ' 





1.31 x 


10* 


1.03 


X 


10* 


1.72 x 


10* 


NE 





5.73 x 


10* 


1.22 


X 


105 


1.33 x 


10*. 


ENE 





1.58 x 


10* 


1.80 


X 


10* 


1.92 x 


10* 


E 





1.85 x 


10? 


1.80 


X 


105 


1.74 x 


10* 


ESE 





4.51 x 


10" 


1.80 


X 


10* 


9.31 x 


10* 


SE 





— 




1.21 


X 


io5 


4.52 x 


™? 


SSE 





— — 




9.38 


X 


104 


2.41 x 


10* 


S 





— 




3-31 


X 


to? 


5.74 x 


in* 


SSW 





— 




3.58 


X 


10* 


1.89 x 


10* 


sw 





7.65 x 


10J 


3.87 


X 


10* 


6.71 x 


10* 


wsw 





2.47 x 


K 


3,53 


X 


10* 


6.68 x 


'<* 


w 





1.16 x 


10 1 


1.81 


X 


10* 


3.79 x 


10* 


WNW 





1.38 x 


K 


1,79 


X 


It* 


3.46 x 


'<£ 


NW 





1.75 x 


10 2 


1.03 


X 


10* 


4.24 x 


10* 


NNW 





1.79 x 


10 4 


1.03 


X 


10* 


2.95 x 


10* 



1.41 
3.68 

2,15 
4.82 
4.15 
2.84 
1.80 
3.52 
7.70 
6.40 
3.07 
1.05 
1.01 
6.13 
1.16 
1.48 



°5 
°fi 

0& 

05 

°fi 

6 



5.57 
6.06 
1.39 
5.46 
5.76 
1.46 
4.00 
5.64 
9.97 
7.61 
2.84 
2.40 
1.77 
8.55 
7.81 
3.14 



°6 
°6 

0* 
°5 

°l 

°R 
°l 

6 



7.28 
1.26 
4.99 
1.24 
1.18 
5.41 
7.46 
1.25 
2.67 
1.63 
6.97 
4.47 
3.36 
2.01 
2.49 
5,04 



°6 

°fi 
6 

7 

°6 

°fi 
°fi 

7 
°fi 

fi 
°fi 

0^ 



Total 



1.10 x 10 5 3.08 x 10 6 1.18 x 10 7 3.18 x 10 7 4.16 x 10 7 8.84 x 10 7 
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Table G-4, 



Population and Annual Food Production Within 80 Kilometers of the 
SRP Center* (continued) 



Distance (km) 



Di recti on 0-8 



8-16 



16-32 



32-48 



48-64 



64-80 



0-80 



MEAT PRODUCTION (kg/yr) 



N 

NKE 
NE 

ENE 

c 

ESE 

SE 

SSE 

S 

SSW 

sw 

wsw 

w 

WNW 
NW 

NNW 








n 
u 















8.32 x 


10 2 


5.24 


x 10* 


6.63 x 


< 


5.24 


x 10= 


2.37 x 


10 4 


4.71 


x 10= 


2.65 x 


10* 


3.02 


x lOf 


i in « 


ino 


^ no 


« in5 


Ji IU A 


,U T 


j , yjt. 


A IV 


7,56 x 


10 1 


3.02 


x 10= 


— 




2.74 


x 10= 


— 




2.35 


x 10= 


— 




1.75 


x 10= 


__ 




1.57 


x 10= 


2.29 x 


103 


1.33 


x 10= 


1.06 x 


10 4 


1.75 


x 10| 


5.90 x 


K 


1.66 


x T0= 


7.01 x 


10 w 


1.75 


x 10= 


8.86 x 


10 1 


5.24 


x 10= 


9.11 x 


10 4 


5.24 


x 10= 



8.73 
8.73 
7,80 
5.50 

A 1A 

-r * i -r 

4,66 
3.82 
4.35 
4.58 
3,93 
2,01 
2.00 
1.19 
1.09 
6,98 
8.20 



"I 

°5 
°l 

5 



1.41 
2.29 
1.71 
8.87 

6.14 
6.56 
6.19 
7.32 
1.13 
5.76 
3.09 
2.91 
1.76 
5.83 
7.14 



10 6 

10 fi 
106 

105 
105 

105 
105 
10* 

105 
10 5 



3.15 
4.06 
3.01 
1.06 

7 JO 
1.00 
9.88 
1.02 
1.58 
7.57 
6.65 
5.TT 
2.45 
7.01 
1.45 



io£ 

lOf 
lOf 

10= 
10° 
10= 
lOf 
10° 

io| 

10= 

wf 

10= 
10^ 

10 6 



6,05 
7.81 
5.99 
2.80 
2.50 
2!09 
2.31 
2.28 
2.39 
3.26 
1.67 
1.36 
KT5 
7.75 
2.60 
3.60 



°6 

°fi 
& 

°6 
°fi 

°ft 

°fi 
°fi 
°s 
°fi 

6 



BC-22 



B022 



Total 



5.01 x 10 5 4.96 x 10 6 7.83 x 10 6 1.34 x 10 7 2.20 x 10 7 4,86 x 10 7 



VEGETABLE PRODUCTION (kg/yr) 



N 

NNE 

NE 

EHE 

E 

ESE 

SE 

SSE 

<p 

SSW 

sw 

WSW 

w 

WNW 

NW 
NNW 



7.39 
5.89 
4.13 
2.25 
2.64 
6.44 



1.51 
1.01 
5.23 
6.22 
7.86 
8,08 



10 4 
10 2 



10* 
10 4 

10 4 



4.65 
4.65 
9.71 
2.57 
2,57 
2.57 
2.73 
2-fi* 
1 .36 
1.15 
9,20 
7.21 
1.86 
1.94 
4,65 
4.65 



°l 
°l 

°fi 
°5 

o 5 



7.75 
7.75 
1.08 
2.89 
3.01 
3.82 
4.97 
3.71 

1.69 
1.33 
1.33 
1,31 
3.17 
1.70 
1.59 
1.25 



°5 
°fi 

°fi 
°fi 

6 

5 6 
°fi 

°t 
°R 
°fi 

o 6 



2.16 
1.18 
1.59 
2.21 
2.72 
3.44 
4,70 
5.01 
2.50 
1.86 
1.81 
1.86 
1,18 
4.89 
4.20 
5.70 



°6 
°fi 

6 



3.11 
1.61 
1.93 
2.78 
3.03 
9.66 
2.89 
3.16 
3.27 
2.55 
1.97 
2.41 
2.77 
1.36 
2.27 
6.38 



°6 

06 

°fi 

°fi 
6 

°6 
°fi 
°fi 
°fi 
°fi 
°fi 

6 



6.58 
4.09 
5.61 
1.05 
1.14 
1.08 
1.53 
1.45 
8.82 
6.89 
6.04 
6.31 
4.51 
1.83 
8.59 
1.39 



°6 
°fi 
°7 
°7 
°7 

7 

°6 
°fi 
°fi 
°fi 
°fi 

o 7 



Total 13 



5.23 x 10 5 2.05 x 10 7 3.00 x 10 7 4.22 x 10 7 4.24 x 10 7 1.36 x 10 8 



a. Adaptea rrom uu rorit, 

b. Reflects rounding. 
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given in Chapter A for each of the cooling alternatives. For facilities on or 
within 80 kilometers of SRP, the source terms were taken from supporting 
documentation referenced in Section G*3. 

To calculate collective doses to the regional population within 80 kilometers, 
compass-sector average values of x/Q and D/Q are used. All atmospheric 
releases are assumed to occur at the center of thG site; the population and 

Z\CrrT ^ , ^^^ t~wyz*1 nrnHTirfinri Hichfihiit 1 inTi<! wpro ppnfor&r! n h hHo c ama nA-inhc Thaco 

are reasonable assumptions, given the absence of high population densities 
near the release points. Collective doses for each year of operation were 
calculated as the sum of the doses received during that year of operation, 
plus residual doses for the next 100 years from radioactivity released during 
that same year. The calculated collective dose is referred to as a 100-year 
environmental dose commitment (EDC) per year of operation. (The EDC concept 
is discussed later in this appendix.) The collective dose received by the 
exposed offsite population is calculated by adding the individual dose commit- 
ments in the population. Parameters used in calculating the collective dose 
to the 80-kilometer radius population are summarized in Table G-5. 

The maximally exposed individual is assumed to reside continuously at the lo- 
cation on the Plant boundary with the highest potential exposure. This is 
true for both current operating conditions and operations associated with the 
implementation of cooling alternatives. For the latter, the reference release 
points of radioactivity to the atmosphere are at the midpoint between the two 
cooling alternative locations selected for each reactor (K and C), The 
shortest distance from each of the reference release points to the Plant 
boundary was calculated for each of the 16 cardinal directions. This method 
was used to determine the highest boundary x/Q value, thus identifying the 
location at which a member of the public would receive the highest dose. 

All individual doses are 50-year dose commitments. Parameters used in calcu- 
lating doses to maximally exposed individuals are summarized in Table G-6. 

The following exposure pathways were considered for the atmospheric dose 
assessment : 

1 . Plume - External dose from radioactive materials transported through 
the atmosphere 

2. Ground - External dose from radioactive materials deposited on the 
ground 

3. Inhalation - Internal dose from inhalation of radioactive materials 
transported through the atmosphere 

A* Vegetation - Internal dose from consumption of crops that have been 
contaminated by radioactive deposits from the atmosphere 

5 . Milk - Internal dose from consumption of milk from cows that consume 
vegetation contaminated by radioactive deposits from the atmosphere 

6. Meat - Internal dose from consumption of meat products from beef 
cattle that consume vegetation contaminated by radioactive deposits 
from the atmosphere 
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Table G-5. 



Parameters and Demographic Data Used in Calculating 
Collective Dose to the 80-Kilometer Population 



Average individual parameters 



Child 



Teen 



Adult 



innaiation ^nT/yr j 3700 

Ingestion 

Cow's milk (liter/yr) 
Meat (kg/yr) 

Leafy vegetables (kg/yr) c 
Fruits, vegetables, and grains 
(kg/yr) 200 

External exposure 

Transmission factor for 
shielding by residential 
structures 
Demographic data, CY 2000 d 

80-kilometer residential population 
(852,000) age-group distribution 



8000 



80GU 



170 


200 


110 


37 


59 


95 


10 


20 


30 



0.5 



20.8 



240 



0*5 



11*8 . 



190 



0,5 



67,4 



a. 



Data are recommended values from Regulatory Guide 1,109 (NRC, 
1977)* 

b. Foodstuff obtained at large from the 80-kilometer agricultural 
production of man's foods ; any insufficiency is assumed to be 
imported (uncontaminated) * Crop yield and animal feeding data 
for the 80-kilometer vicinity are presented in Du Pont (1981), 

c. Data from Eckerman et al. (1980). 

d. 1970 census data projected to the assumed midpoint of opera- 
tions. 



The dose to the maximally exposed individual and collective doses to the popu- 
lation within 80 kilometers of SRP from atmospheric radioactive releases from 






flfl/1 















i\. — anu 



n 



L i\6SCtors are pre 



sented in Tables G-7 through G-14. Section G.3 discusses doses from facili- 
ties on or within 80 kilometers of the Plant. 



G.2 LIQUID RELEASES 

The LADTAP II computer code (Simpson and McGill, 1980) was used to calculate 
radiation exposures due to liquid releases; LADTAP II implements the dose 
models recommended in NRC Regulatory Guide 1.109, Revision l (NRC, 1977). 
Both maximum-individual and collective doses were calculated as functions of 
age group and pathway for various body organs. An effective whole-body dose 
was also calculated. 



During operation of the reactors and associated facilities at SRP (existing 
operations)* liquids are released that ultimately discharge into the Savannah 
River, Included in these releases are radionuclides from reactors and support 
facilities, and from remobilization i from stream beds. The primary radio- 
nuclides remobilized is cesium-137 (DOE, 1984b). (Refer to Appendix D.) 
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Table G-6, Parameters Used in Calculating Dose to Maximally 

Exposed Individuals d 



Parameter 



Infant 



Child 



Teen 



Adult 



Inhalation (raVyr) 
Ingestion 

Cow's milk (liter/yr) 

Meat (kg/yr) 

Leafy vegetables (kg/yr) c 

(kg/yr) d 
External exposure 

Transmission factor for 
shielding from buildings 



1400 







0.7 



3700 



520 



8000 



0.7 



630 



0.7 



8000 



330 


330 


400 


310 





41 


65 


110 





26 


42 


64 



520 



0.7 



a. 



b. 



d. 



Data are recommended values from Regulatory Guide 1 . 109 (NRC , 

1977). 

Foodstuff produced at the reference family's location, except as 

noted, where exposure to the air-released radionuclides is at a 

maximum. Crop yield and animal feeding parameters are presented 

in Du Pont (1981). 

Seventy-five percent taken from reference family's garden 

(March-November growing season) ; remainder imported 

(uncontaminated ) < 

Seventy-six percent taken from reference family ' s crops 

(Regulatory Guide 1.109 recommended value ) (NRC , 197 7); 

remainder imported (uncontaminated) . 



The routine operation of cooling water systems for K- and C-Reactors would 
result in either no change or a decrease in the remobilization of radio- 
nuclides to the Savannah River* This is because flow rates in Four Mile Creek 
and Indian Grave /Pen Branch would remain essentially unchanged if once- 
through cooling towers were implemented, and would decrease if recirculating 
cooling towers were implemented* The routine operation of the cooling water 
alternative systems for D-Area would produce an insignificant increase in re- 
mobilization of radionuclides from Beaver Dam Creek because the creek bed COn- 
l'.rt i rifi inCT cm T f i r* Jin t - amrti in t - c nf ra/li nnit^l i^1j=c . 

The following exposure pathways were considered in the liquid-dose 
assessments; 

1 . Drinking water - Internal dose from consumption of drinking water 
from the Savannah River containing radioactive materials transported 
by the river 

2. Sport and commercial fish - Internal dose from consumption of fish 
from the Savannah River 



G-16 



Table G-7. 



Increase in Annual Dose to Maximally Exposed Individual from 
Increased Release of Tritium to the Atmosphere, Millirem per 
Year (Once-Through Cooling Tower for K-Reactor) 



Pathway 



All soft tissues 



Effective whole body 



ADULT 



P lume immers ion 
Ground plane 

Meat ingestion 
Milk ingestion 
Inhalation 
Total 



0-0 
0,0 



^ Oft v 



i n 



7.86 x 10^ 6 
1.85 x 10" 5 
4.43 x 1Q " S 
1.23 x 10" 4 



0.0 
0.0 

-*» 

- 5 

- S 

1.05 x 10" 4 



6.68 


X 


10 


1.57 


X 


10 


3.77 


X 


10 



TEEN 



Plume immersion 0*0 
Ground plane 
Vegetation ingestion 
Meat ingestion 
Milk ingestion 
Inhalation 
Total 



0.0 

0.0 
6.08 x 10~ s 
4.65 x 1(T 6 
2.38 x 10" 5 
4,43 x 10 
1.34 x 10 



- s 



- 4 



0.0 
5.17 x 10" s 
3.95 x 10" fc 
2.02 x 10" s 
3.77 x 10 " s 
1,14 x 10~" 



CHILD 



Plume immersion 

r* * j «1 ,- 

utuiiuu ^j a cine 

Vegetation ingestion 
Meat ingestion 
Milk ingestion 
Inhalation 
Total 



0.0 



0.0 



Plume immersion 
Ground plane 
Vegetation ingestion 
Meat ingestion 
Milk ingestion 
Inhalation 
Total 









4 


.94 x 10" 


- b 


2 


,93 x 10" 


- fa 


1 


97 x 10" 


- s 


2 


04 x 10" 


- ^ 


9 


.24 x 10" 

INFANT 

0.0 

0.0 
0.0 
0.0 


- ^ 


1 


97 x 10" 


- b 


7 


.74 x 10" 


- b 





r\ r 


1 




4 


.20 


X 


10" 


- b 


2 


.49 


X 


10" 


- f> 


1. 


67 


X 


10" 


-i 


1 


74 


X 


10" 


^ 


7 


.86 


X 


10" 


- b 



2.74 x 10 



- s 



0.0 
0.0 

0.0 

0.0 
1.67 x 10^ 5 
6.59 x 10 ~ 6 
2.33 x 10~ b 
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Table G-8. 



Increase in Annual Dose to Maximally Exposed Individual from 
Increased Release of Tritium to the Atmosphere, Millirem per 



Coolin^ Tower 



Pathway 



All soft tissues 



Effective whole body 



ADULT 



Plume immersion 
Ground plane 
Vegetation ingestion 
Meat ingestion 
Milk ingestion 
Inhalation 
Total 



0.0 

0.0 
5,44 x 10" S 
8,10 x 10" b 
1*90 x 10 



- 5 

- S 



4,56 x 10 
1.27 x 10 -4 





0.0 






0.0 




4 


.62 


X 


10" 


" >• 


6 


.89 


X 


10" 


-b 


1 


.62 


X 


10" 


-b 


3 


.87 


X 


10" 


-b 


1 


.08 


X 


10" 


• 4 



TEEN 



Plume immersion 
Ground nlane 
Vegetation ingestion 
Meat ingestion 
Milk ingestion 
Inhalation 
Total 



0.0 

0,0 
6.26 x 10" 5 
4.78 x 10~ 6 
2.45 x 10" 5 
4,56 x 10 " 5 
1.37 x 10"' 





0.0 






0.0 




5 


.32 


X 


10" 


i 


4 


.06 


X 


10" 


6 


2 


.08 


X 


10' 


b 


3 


.87 


X 


10" 


b 


1 


.17 


X 


10" 


4 



CHILD 



Plume immersion 
Ground plane 
Vegetation ingestion 
Meat ingestion 
Milk ingestion 
Inhalation 
Total 



-5 



0.0 
0.0 

5.09 x 10 
3.02 x 10" 6 
2.02 x 10~ 5 

2.10 x 10 



9.51 x 10 



-5 



0.0 

0.0 
4.33 x 10" 5 
2.57 x 10~ 6 
1.72 x 10" s 
1.79 x 10 " 5 
8.09 x 10" 5 



INFANT 



Plume immersion 
Ground plane 
Vegetation ingestion 
Meat ingestion 
Milk ingestion 
Inhalation 
Total 



n.n 

0.0 

0.0 

0.0 
2.02 x 10" 5 
7.97 x 10 ~ 6 
2.82 x 10" s 





n n 




0.0 




0.0 




0.0 


1. 


72 x 10 


6. 


77 x 10 


2 


.40 x 10 



-5 



- 6 



- S 
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Table G-9. 



Increase in Annual Dose to Maximally Exposed Individual from 
Increased Release of Tritium to the Atmosphere, Miilirem per 
Year (Recirculating Cooling Towers for K-Reactor) 



Pathway 



All soft tissues 



Effective whole body 



ADULT 



Plume immersion 
Ground plane 
Vegetation ingestion 
Meat ingestion 
Milk ingestion 
Inhalation 






0.0 

0.0 
4.48 x 10"" 
6.68 x 10~ 5 
1.57 x 10" " 
3.77 x 10"" 

J. . U_l A. i-\J 





0.0 




0.0 


3 


.80 x 10 


5 


.67 x 10 


1 


.33 x 10 


3 


.21 x 10 


O 
O 


no *- in 
■ 7i A. J.U 



- A 



- 5 

- A 



- A 



-A 



TEEN 



Plume immersion 
Ground plane 
Vegetation ingestion 
Meat ingestion 
Milk ingestion 
Inhalation 
Total 



0.0 

0,0 
5.15 x 10"" 
3.93 x 10~ 5 
2,02 x 10" 4 
3.77 x IP" 4 
1.13 x 10" 3 





0.0 






0.0 




4 


.39 


x 10" 


-4 


3 


.35 


x 10" 


b 


1 


.72 


x 10" 


4 


3 


,21 


x 10" 


A 



9.65 x 10 



- A 



CHILD 



Plume immersion 
Ground plane 
Vegetation ingestion 

Meat ingestion 
Milk ingestion 



T_^U-^ 1 ^ 4- 2 

J_UIJcl A £1 LXU11 



Total 



0.0 

0.0 
A. 20 x 10~ 4 
2,48 x 10" 5 
1.67 x 10~ 4 

-l -it i r\ — A 

j. . m x iu 
7.87 x 10" 4 



0.0 




0.0 




3.58 x 10" 


-4 


2.11 x 10" 


-b 


1.42 x 10" 


-A 


1.48 x 10" 


- A 


6.69 x 10" 


A 



INFANT 



Plume immersion 
Ground plane 
Vegetation ingestion 
Meat ingestion 
Milk ingestion 
Inhalation 
Total 



0.0 

0.0 

0.0 

0.0 
1.67 x 10" 4 
6.56 x 10 " 5 
2.32 x 10 "" 



0.0 

0.0 

0.0 

0.0 
1.42 x 10 
5.57 x 1Q " 5 
1.98 x 10"' 



- 4 
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Table G-10. 



Increase in Annual Dose to Maximally Exposed Individual from 
Increased Release of Tritium to the Atmosphere, Millirem per 
Year (Recirculating Cooling Towers for C -Reactor) 



Pathway 



All soft tissues 



Effective whole body 



ADULT 



Plume immersion 
Ground plane 
Vegetation ingestion 
Meat ingestion 
Milk ingestion 
Inhalation 
Total 





0.0 




0.0 


1. 

H- 




6 


.88 x 10 


1 


.62 x 10 


3 


.86 x 10 


1 


.08 x 10 



- A 



- S 



-4 



- 4 



-J 



0.0 

0.0 
^ en v in 

5.84 x 10 

1.37 x 10 

3.27 x 10 

9.15 x 10 



- A 



- 5 



- 4 



- 4 



- 4 



TEEN 



Plume immersion 
Ground plane 
Vegetation ingestion 
Meat ingestion 
Milk ingestion 
Inhalation 
Total 





C 


).0 




C 


>.o 


5 


.33 


x 10 


4 


.06 


x 10 


2 


.09 


x 10 


3 


.86 


x 10 



1.17 x 10 



- 4 



- S 



- 4 



- 4 



-3 





C 


1.0 




c 


).0 


4 


.51 


x 10 


3 


.46 


x 10 


1 


.78 


x 10 


3 


.27 


x 10 



9.91 x 10 



- 4 



- 5 



- 4 



- 4 



- 4 



CHILD 



Plume immersion 
Ground plane 
Vegetation ingestion 
Meat ingestion 
Milk ingestion 
Inhalation 
Total 





0.0 




0.0 


4 


.33 


X 


10 


2 


.57 


X 


10 


1 


.72 


X 


10 


1 


.79 


X 


10 


8 


.09 


X 


10 



- 4 



- 5 

- 4 



- 4 



- 4 





0.0 






O.C 


1 


3 


.68 


X 


10 


2 


.17 


X 


10 


1 


.46 


X 


10 


1 


.52 


X 


10 


6 


.87 


X 


10 



- 4 



- S 



- 4 



-4 



-A 



INFANT 



Ground plane 
Vegetation ingestion 
Meat ingestion 
Milk ingestion 
Inhalation 
Total 



n n 

0.0 
0.0 
0.0 
1.72 x 10 
6.77 x 10 
2.40 x 10 



- 4 



-5 



- 4 



0.0 
0.0 
0.0 
0.0 
L.46 x 10 
5.75 x 10 
2.03 x 10 



- A 



- 5 



- <J 
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Table G-ll. 



Pathway 



Increase in 80-Kilometer Collective Dose from Increased 
Release of Tritium to the Atmosphere, Person-Rem per 

V« « -m™ / r\^ T"U _^ l, n -»J_^ Ti r wr n j \ 



All soft tissues 



Effective whole body 



Plume immers ion 
Ground plane 
Vegetation ingestion 
Meat ingestion 
Milk ingestion 
Inhalation 



0.0 

0.0 
1.59 x 10" 3 
3.03 x 10~ 4 
3.85 x 10 -4 
3.57 x 10" 3 



0*0 

0.0 
1.35 x 10"' 
2.58 x 10 
3.27 x 10 
3.03 x 10 



- 4 



- 4 



- J 



Total 



5.85 x 10 



- 1 



A. 97 x 10 



-3 



Table G-12. Increase in 80-Kilometer Collective Dose from Increased 

Release of Tritium to the Atmosphere, Person-Rem per 
Year (Once-Through Cooling Tower for C -Reactor) 



Pathway 



Plume immersion 
Ground plane 
Vegetation ingestion 
Meat ingestion 
Milk ingestion 
Inhalation 



All soft tissues 



0.0 

0.0 
1.59 x 10"' 
3.03 x 10" 4 
3.85 x 10* 4 
3.57 x 10" 3 



Effective whole body 



-3 



0.0 

0.0 
1.35 x 10 
2,58 x I0" 4 

3.27 x 10 -4 
3.03 x 10" J 



Total 



5.85 x 10 



- 3 



A. 97 x 10 



- 3 



3. Salt-water invertebrates - Internal dose from consumption of shell- 
fish from estuaries of the Savannah River 



4. Recreation — External dose from recreational activities on or along 
the Savannah River shoreline 

All individual and collective doses were based on the assumption that liquids 
discharged are mixed completely in the river before reaching the potential 
exposure pathways. This assumption is supported by measurements that indicate 
complete mixing of the liquids before they reach the Highway 301 bridge, A 
dilution factor of 3 was applied to the shellfish dose calculation because a 



5 io-n i_f i cant n ort ion o f the harves t wo 1 1 1^ ^° f r rtfn <^> ^ t~n 



V~ LJ I* U.CJ. J. J-1H_ UL W* 'u CL L 1 TTQ LC J. ij 



Individual and site parameters used in the calculations are summarized in 
Tables G-15 and G— 16 * The data on fish consumption are based on data from the 
region. 
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Table G-13. 



Pathway 



Increase in 80-Kilometer Collective Dose from Increased 
Release of Tritium to the Atmosphere, Person-Rem per 
Year (Recirculating Cooling Towers for K-Reactor) 



All soft tissues 



Effective whole body 



P 1 unie i iroue r s i on 


0.0 


Ground plane 


0.0 


Vegetation ingestion 


1.35 x 10" 2 


Meat ingestion 


2.57 x 10" 3 


Milk ingestion 


3.28 x 10" 3 


Inhalation 


3.03 x 10"" 


Total 


4.98 x 10~ z 





0.0 




0.0 


i. 


15 x 10 


2. 


18 x 10 


2, 


78 x 10 


2. 


59 x 10 


h 


22 x 10 



-2 



- 2 



Table G-14. 



Increase in 80-Kilometer Collective Dose from Increased 
Release of Tritium to the Atmosphere, Person-Rem per 
Year (Recirculating Cooling Towers for C-Reactor) 



Pathway 



All soft tissues 



Effective whole body 



Plume immersion 
Ground plane 
Vegetation ingestion 
Meat ingestion 
Milk ingestion 
Inhalation 

Total 





0.0 






c 


).0 




1 


.35 


x 10" 


■ t 


2 


.57 


x 10" 


■ s 


3 


.28 


x 10" 


i 


3 


.03 


x 10" 





4.98 x 10 



-2 



0.0 

0.0 
1.15 x 10~ 2 
2.18 x 10" 3 
2.78 x 10 -3 
2.59 x 10" * 



4.22 x 10 



-2 



TE 



TE 



The individual who would receive the maximum potential dose from liquid re- 
leases is assumed to live near the Savannah River downstream from SRP. It is 
assumed this individual uses river water regularly for drinking, consumes 
river fish- and receives external exposure from shoreline activities* 

The collective doses received by the of f site population as a result of liquid 
releases is estimated by summing the doses to the individuals in the popula- 
tion. The population within an 80-kilometer radius uses no river water for 
domestic purposes downstream from SRP. It is assumed this population uses the 
river for recreational purposes and consumes fish and shellfish from the river 
and its estuary. 

There is no known human consumption of Savannah River water up to a distance 
of about 160 kilometers downstream from SRP. At this distance * Beaufort and 
Jasper Counties, South Carolina* will pump water from the river for treatment 
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Table G-15, Individual Parameters Used in Dose Calculations 



Parameters 



Child 



Teen 



Adult 



AVERAGE INDIVIDUAL 1 



Water consumption (liter/year) 
Fish consumption (kg/yr) 
Other seafood consumption (kg/yr) 
Shoreline recreation (hr/yr ) 
Shoreline recreation (person-hours) 



260 


260 




370 


3.6 


8.5 




11.3 


0.33 


0.75 




1.0 


9.5 


47 




8.3 


_— 


™^ 


200 


,000 



MAXIMUM INDIVIDUAL 



Water consumption (liter/yr) b 

rich j p *r^i-ic?timT>f--i*-%-n I \r r+ f^fr't 

Other seafood consumption (kg/yr) 
Shoreline recreation (hr/yr) 



510 



510 



11 1 

1 J. • £. 




1.7 


3.8 


14 


67 



730 

5 
20 



a. For collective dose calculations, 

b. Drinking-water consumption for an infant equals 330 liters per year. 

Table G-16. Site Parameters Used in Dose Calculations 



Parameters 



Values 



River flow rate (m 3 /s) 

Average (m 3 /s) 

Low flow (m 3 /s) 
River dilution in estuary 
Transit time to river (hr) 

Transit time , SRF to water-treatment plants (hr ) 
Water- treatment time (hr) 
Aquatic food harvest (kg/yr) 

Fish — sport 

Fish — commercial 

Invertebrates — salt water 
Irrigation 
Shore-width factor 
Population in year 2000 a 

Beaufort-Jasper water consumers 

Port Wentworth water consumers 

80-kilometer-radius population 



294 

173 

3 

24 

72 

24 

90,700 

31,800 

299,000 

None 

0.2 

117,000 
200,' 000 
852,000 



a. Age distribution of population: Beaufort-Jasper — 21 percent child, 
10 percent teen, 69 percent adult; Port Wentworth — 100 percent 
adult; 80-kilometer radius — 21 percent child, 11 percent teen, 68 
percent adult. 
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and service to about 117*000 people in the year 2000. Several kilometers far- 
ther downstream, the Cherokee Hill water-treatment plant draws water from the 
river to supply a business -industrial complex near Savannah, Georgia* This 
water is not used for normal domestic service, but it is assumed that about 
200,000 people will use this water during the year 2000 (DOE, 1984a). 
Although these population groups are beyond the 80-kilometer radius, collec- 
tive doses from drinking-water for these groups have been included in this 
document* All population doses are 100-year environmental dose commitments* 

The doses to the maximally exposed individual and collective dose from liquid 
radioactive releases from once- through and recirculating cooling- towers for 
K- and C -Reactors are presented in Tables G-17 through G-28. Section G.3 dis- 
cusses doses from facilities on or within 80 kilometers of SRF. 



G.3 CUMULATIVE EFFECTS 

The evaluation of the radiological impacts associated with the implementation 
of the alternative cooling water systems has also considered the cumulative 
effects of the operation of all other nuclear facilities in the affected re- 
gion. This region includes SRP and the area within 80 kilometers of the 
Plant* These cumulative effects are summarized in Section 4.4. 

Impacts for the following nuclear facilities , which represent existing and 
planned operations, have been considered in the calculation of cumulative 
effects: 

• Four onsite production reactors (L, P, K, and C) using current cooling 
water systems, and associated support facilities 

• The Defense Waste Processing Facility (DWPF) under construction at 
S-Area on the Plant 

• The Fuel Materials Facility (FMF) under construction at F-Area on the 
Plant 

• The Fuel Production Facility (FPF) to be constructed at H-Area on the 
Plant 



• 



The Vogtle Electric Generating Station (VEGS) under construction across 
the Savannah River from the southwestern boundary of the site 



The maximum individual and collective doses associated with each of these 
facilities are presented in Tables G-29, G-30, G-31, and G-32. These repre- 
sent basecase doses . Information necessary for these dose calculations was 
derived from supporting environmental documentation available for each facil- 
ity (DOE, 1982a, b; 1984a; Du Pont, 1983; Georgia Power Company, 1985). 

To obtain the cumulative impact of the operation of nuclear facilities in the 
region, including the alternative cooling water systems , the changes in doses 
associated with operation of the cooling water systems (Tables- G-7 through 
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Table G-17. 



Pathway 



Fish 
Drinking 

Total 



Decrease in Annual Dose to Maximally Exposed Individual from 
Reduced Release of Tritium to Indian Grave/Pen Branch, 
Millirem per Year (Once-Through Cooling Tower for K-Reactor) 



All soft tissues 



ADULT 



1.04 x 10" 5 
2.47 x 10" 4 



2.58 x 10 



- A 



Effective whole body 



8.84 x 10 
2,10 x 10 



2.19 x 10 



-6 



- 4 



- A 



TEEN 



Fish 

Drinking 



Total 



7.90 x 10 
1.73 x 10 



1.81 x 10 



-6 



- A 



- A 



6.72 x 10 
1.47 x 10 



1.54 x 10 



- 6 

- A 



- A 



CHILD 



Fish 
Drinking 

Total 



3.42 x 10 
1.73 x 10 



1.76 x 10 



- & 

-A 



-4 



2.91 x 10 
1.47 x 10 



- 6 



1.50 x 10 



- A 



INFANT 



Drinking 

Total 



1.12 x 10"" 
1.12 x 10"* 



9.52 x 10" J 



9.52 x 10 



- 5 



G-14 and G-17 through G-28) must be combined with the existing doses , These 
cumulative doses are presented in Tables G-33 through G-38. 

G.4 ENVIRONMENTAL DOSE COMMITMENT CONCEPT 

Man can receive doses externally from radioactive materials outside the body 
or internally from the intake of radioactive material by inhalation or inges- 
tion. Radionuclides that enter the body are distributed to various organs and 
are removed by normal biological processes and radioactive decay. The rate at 
which each radionuclide is removed from the body depends on its chemical 4 
physical, and radiological properties. Historically, dose calculations have 
included an accounting of doses resulting from the fraction of radionuclides 
retained in the body for 50 years f ol Lowing the year of intake. This 50-year 
integrating period is included in the dose-commitment factors used in these 
dose calculations . 
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Table G-18. 



Decrease in Annual Dose to Maximally Exposed Individual 
from Reduced Release of Tritium to Four Mile Creek, 
Millirem per Year (Once-Through Cooling Tower for 
C-Reactor) 



Pathway 



All soft tissues 



Effective whole body 



ADULT 



Fish 
Drinking 

Total 



1.04 x 10 
2.47 x 10 



2*58 x 10 



- s 



- a 



- A 



8.84 x 10 
2.10 x 10 



2.19 x 10 



-6 



- A 



- 4 



TEEN 



Fish 
Drinking 

Total 



7.90 x 10 
1.73 x 10 



1.81 x 10 



- 6 



- 4 



- 4 



6.72 x 10 

1*47 x 10 



-6 



-A 



1.54 x 10 



CHILD 



Fish 

Drinking 

Total 



3-42 x 10 
1.73 x 10 



1.76 x 10 



-6 



- A 



-4 



2.91 x 10 

1*47 x 10 



1.50 x 10 



- 6 



- 4 



- A 



Drinking 

Total 



INFANT 



1.12 x 10" 4 
1.12 x 10"' 



9,52 x 10 



9.52 x 10 



- 5 



- 5 



Similarly, radioactive material released in airy year remains in the environ- 
ment for varying lengths of time, depending on many environmental factors and 
on the decay rate of each radionuclide. The environmental^dose-commitment 
(EDO) concept is employed to account for this residual activity. 



The EDO concept has been developed by the U.S. Environmental Protection Agency 
(EPA, 1974). EPA has defined the environmental dose commitment as "the sum of 
all doses to individuals over the entire time period the material persists in 
the environment in a state available for interaction with humans.' 1 The EPA 
report describes how this concept is implemented and presents some sample cal- 
culations . These calculations integrate doses for LOO years following radio- 
nuclide release rather than "the entire time period." This 100-year inte- 
grating period is distinct from the 50—^ear integrating neriod discussed above 
because it deals with the accumulation of doses from residual radioactivity in 
the environment rather than in the body. 
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Table G-19. 



Pathway 



Decrease in Annual Dose to Maximally Exposed Individual from 
Reduced Release of Tritium to Indian Grave/Pen Branch, Millirem 
per Year (Recirculating Cooling Towers for K-Reactor) 



All soft tissues 



Effective whole body 



Fish 
Drinking 

Total 



ADULT 



8.81 x 10" 5 
2*09 x 10"" 



2.18 x 10 



- 3 



- 5 



7.48 x 10 
1.78 x 10" J 



1.85 x 10 



- 3 



Fish 

Drinking 

Total 



TEEN 



6.72 x 10"' 
1.47 x 10~ 3 



1.53 x 10 



- j 



5.70 x 10 
1.25 x 10 



1131 x 10 



- 5 



- 3 



- 3 



Fish 
Drinking 

Total 



CHILD 



2*90 x 10^ 5 
1.47 x 10" 3 



1.50 x 10 



- 3 



2,47 x 10 
1.25 x 10 



- 5 



1,27 x 10 



- 3 



INFANT 



Drinking 
Total 



9.48 x 10 



9.48 x 10 



- 4 



- 4 



- 4 



8.06 x 10 
8*06 x 10"' 



This analysis uses the 100-year integrating period. All collective dose cal- 
culations include an accounting of collective dose resulting from environ- 
mental radioactivity levels for 100 years following each year's release. The 
100-year period provides meaningful results by accounting for impacts over a 
period of time about equal to the maximum lifetime of an individual; thus, it 
provides a measure of risk to an individual. Longer integrating periods or an 
infinite time integral would require extremely speculative predictions* 

For all EDG calculations, no attempt was made to predict changes in environ- 
mental characteristics* Population size and distribution were based on esti- 
mates for the year 2000. Historical meteorological patterns and conditions 
were assumed to continue, and food production and consumption patterns were 
assumed to be static . 
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Table G-20. 



Pathway 



Decrease in Annual Dose to Maximally Exposed Individual from 
Reduced Release of Tritium to Four Mile Creek, Millirem per 
Year (Recirculating Cooling Towers for C-Reactor) 



All soft tissues 



Effective whole body 



ADULT 



Fish 
Drinking 

Total 



8.81 x 10 
2.09 x 10 



2*18 x 10 



- 5 
-3 



- 3 



7.48 x 10 
1.78 x 10 



1.85 x 10 



- 5 



-3 



- 3 



TEEN 



Fish 
Drinking 

Total 



6-72 x 10 
1.47 x 10 



1,53 x 10 



- i 



- 3 



- 3 



5.70 x 10~ s 
1.25 x 10 



- 3 



1.31 x 10 



- 3 



CHILD 



Fish 
Drinking 

Total 



2.90 x 10 
1.47 x 10 



1.50 x 10 



- 5 



-3 



-3 



2.47 x 10 

1.25 x 10 



1.27 x 10 



- s 



-3 



-3 



INFANT 



Drinking 

Total 



9.48 x 10 



9.48 x 10 



- 4 



- 4 



8.06 x 10 



8.06 x 10 



- 4 



- 4 



G.5 RADIATION-INDUCED HEALTH EFFECTS 

Radiation can affect human health by causing cancer, genetic disorders , and 
other health problems. The Committee on the Biological Effects of Ionizing 
Radiation (BEIR) of the National Academy of Sciences has published a detailed 
review of available data on radiation-induced health effects (BEIR, 1980) . 
This report (BEIR III) uses a variety of methods and data to quantify the 
health impacts of low levels of radiation. Its estimates of health risk asso- 
ciated with radiation exposure have been used to quantify the possible changes 
in radiation-induced health effects that might be caused by operation of the 
cooling water systems * These potential health effects are discussed in Chap- 
ter 4. 

The International Commission on Radiological Protection provides risk esti- 
mates for radiation exposure in ICRP Publication 26 (ICRE, 1977), These risk 
estimates for cancer mortality are generally consistent with BEIR III . 
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Table 6-21. Decrease in Annual Dose to Maximally Exposed Individual from Reduced Remobi 1 izati on of Radiocesi urn from 
Indian Grave/Pen Branch Stream Bed, Millirem per Year (Recirculating Cooling Towers for K-Reactor) 



Pathway 



Gonads 



Breast 



R. Marrow 



Lung 



Fish 

Drinki ng 
Shore 1 i ne 

Total 



6.82 x ]Q~ 2 
4.88 x 10"* 
1.26 x 10"* 

6,88 x 10"* 



-2 



Fish 5.20 x 10 

Drinking 3.41 x 10" 4 
Shoreline 4.22 x 10" 4 



Total 



5.28 x 10 



Fish 2.25 x 10" 2 

Drinking 3.41 x 1Q" 4 
Shoreline 8.81 x 10" 5 



Total 



2.29 x 10 



-2 



Drinking 2.21 x 10 -4 
Total 2,21 x 10" 4 



5,85 x 10" 2 6,33 x 70" 2 
4.18 x 10" 4 4,53 x 10" 4 
1.14 x 10" 4 9,56 x 10" 5 



6.33 x 10" 2 
4.53 x 1G" 4 
9.42 x 10" s 



5.90 x 10 



-2 



6,38 x 10 



-2 



6.38 x 10 



-2 



4.45 x 10" 2 4,82 x 10" 2 
2.92 x 10" 4 3.17 x 10" 4 
3.83 x 10" 4 3.20 x 10^ 4 



4.82 x 10" 2 
3,17 x 10" 4 
3.16 x 10" 4 



4,52 x 10 



-2 



4.88 x 10 



-2 



4.88 x 10 



-2 



1.93 x 10" 2 2.09 x 10~ 2 
2.92 x 10" 4 3.17 x 10" 4 
7.99 x 10" 5 6.69 x 10" s 



2,09 x 1Q" 2 
3.17 x 10"* 
6,60 x 10' s 



1.97 x 10 



-2 



2.13 x 10" 2 2.13 x 10 



-2 



1.89 x 10" 4 2.05 x 10~ 4 
1.89 x 10" 4 2.05 x 1G" 4 



2.05 x 10^ 4 
2.05 x 1G" 4 



Thyroid Bone Surface SI Wall 



ULI Wall 



LLI Wall 



Ef fecti ve 
whole body 



ADULT 

6.33 x 1Q~ 2 
4.53 x 10" 4 
1.18 x 10" 4 

6.39 x 10" 2 

TEEN 

4.82 x 10" 2 
3.17 x 1G" 4 
3.96 x 10" 4 

4.89 x 10" 2 

CHILD 

2.09 x 10" 2 
3.17 x 10" 4 
8.28 x 10" 5 

2.13 x 10~ 2 

INFANT 
2.05 x 10" 4 
2.05 x 10" 4 



6,33 x 10" 2 6.82 x 1G" 2 6,82 x JO" 2 6.82 x 10" 2 
4,53 x 1Q- 4 4.88 x 10" 4 4,88 x 10" 4 4.88 x 10" 4 
1.07 x 10" 4 7.84 x 10" 5 9,22 x 10" s 8.53 x 10" 5 



6.82 x 70~ 2 
4,88 x 10^ 4 
1.06 x 10~ 4 



6.39 x 10" 2 6.86 x 10" 2 6,88 x 1Q" 2 6.88 x 10" 2 6.88 x 10" 2 



4.82 x 1Q~ 2 5,20 x 10" 2 5.20 x 10" 2 5.20 x 1Q~ 2 5.20 x 1Q" 2 

3.17 x 10 4 3.41 x 10" 4 3.41 x 10" 4 3.41 x 10" 4 3.41 x 10" 4 

3.57 x 10" 4 2.63 x 10" 4 3.09 x 10" 4 2.86 x 1Q^ 4 3.55 x 10" 4 

-2 c ^ .. lfl . a 5>27 x 10 _ 2 



4.89 x 10 



-2 



5.26 x 10" 2 5.26 x 10 



5.26 x 10 



2.09 x 10" z 2.25 x 10" 2 2.25 x 10" 2 2.25 x 10" 2 2.25 x 10" 2 



3.17 x 10~ 4 
7,46 x 10" 5 



3.41 x 10" 4 
5.49 x 1Q~ S 



3.41 x 1Q- 4 
6.45 x 10~ 5 



3,41 x 10" 4 
5.97 x 10^ s 



3.41 x 10" 4 

7.42 x 10" 5 



2.13 x 10 



-2 



2.29 



10 



-2 



2.29 x 10" 2 2,29 x 10" 2 2.29 x 10~ 2 



2.05 x 10" 4 2.21 x 10^ 4 2.21 x 10"* 2.21 x 10~ 4 2.21 x 10" 4 
2.05 x 10" 4 2.21 x 10" 4 2.21 x 10" 4 2.21 x 1Q -4 2.21 x 10" 4 
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Table G-22. 



Decrease in Annual Dose to Maximally Exposed Individual from Reduced Remobil ization of Radiocesium 
from Four Mile Creek Stream Bed, Millirem per Year (Recirculating Cooling Towers for C-Reactor) 



Pathway 



Gonads 



Breast 



R. Marrow 



Lung 



Thyroid Bone Surface 



SI Wall 



ULI Wall 



LLI Wall 



Effective 
whole body 



ADULT 



Fish 

Drinking 

Shoreline 

Total 



Fish 

Drinking 

Shoreline 

Total 



Fish 

Drinking 

Shoreline 

Total 



v » '■"» 



Total 



1,79 x 10"] 1.02 x 10~] 
8,54 x 10-4 7.32 x 10"* 
2.20 x 10" 4 2.00 x 10" 4 



1.11 x 10 - ] 
7.93 x 1Q- 4 
K67 x 10 -4 



1.11 x 10"] 1.11 x 10~] 1.11 x 10~] 
7.93 x 1Q" 4 7,93 x 10" 4 7.93 x 10" 4 
1.65 x 10" 4 2.07 x 10 -4 1.87 x 10" 4 



1-19 x 10"! 1.19 x 10'] 1-19 x 10"] 1.19 x 10"] 
8.54 x 10" 4 8.54 x 1Q" 4 8.54 x 10" 4 8,54 x 10" 4 
1.37 x 10" 4 1.61 x ID' 4 1.49 x 10" 4 1.85 x 10" 4 



1.20 x 10" 1 1.03 x 10- 1 1.12 x 10' 1 1.12 x 10" 1 1.12 x 10" 1 1.12 x ID" 1 1.20 x 10" 1 1,20 x lO^ 1 1.20 x 10" 1 1.20 x 10" 1 



9.09 x TO"* 7.79 x 10" 2 
5.97 x 10" 4 5.12 x 10" 4 
7.38 x 10" 4 6.69 x lO^ 4 



8.44 x 10~ 2 
5.54 x 10^7 
5.61 x 1Q- 4 



8.44 x 10"2 
5,54 x 10" 4 
5.53 x 10" 4 



9,22 x 10" 2 7.91 x 10" 2 8.55 x 10~ 2 8,55 x 10" 2 



3,93 x 10~ 2 3.37 x 10" 2 
5,97 x 10 -4 5.12 x 10" 4 
1.54 x 10" 4 1.40 x 10 -4 



3,65 x 10~ 2 
5.54 x 10 -4 
1.17 x lO^ 4 



3.65 x 10" 2 
5.54 x 10" 4 

l.is x itr 4 



4.01 x 10~ 2 3.44 x 10" 2 3.72 x 10~ 2 3.72 x 10~ 2 



7 Hfi v 1 



n-4 331 x iQ-4 
3,86 x 10" 4 3.31 x 10" 4 



3.59 x lO^ 4 
3.59 x 1G - * 4 



3.59 x 10" 4 
3.59 x 10" 4 



lhtN 

8.44 x 10" 2 
5.54 x 10" 4 
6,94 x 10" 4 

8.56 x 10 -2 

CHILD 

3.65 x 10" 2 
5.54 x 10~ 4 

1 .45 x 10 -4 

3.72 x 10" 2 

INFANT 
3,59 x lO^ 4 
3.59 x 10" 4 



8.44 x 10 -2 
5.54 x 10" 4 
6.25 x 10" 4 



9.09 x 10" 2 9.09 x 10~ 2 9.09 x 10" 2 9.09 x 10" 2 
5.97 x 10" 4 5.97 x lO^ 4 5.97 x 10*7 5 - 97 * 10 "^ 
4.60 x 10" 4 5.40 x 10~ 4 5.00 x 10" 4 6.21 x 10 -4 



8.56 x 10" 2 9.20 x 10" 2 9.20 x 10~ 2 9.20 x 10" 2 9.21 x 10~ 2 



3.65 x 10" 2 
5.54 x 10" 4 
1.31 x 10" 4 



3.93 x 10" 2 3.93 x 1Q~ 2 3.93 x 10" 2 3.93 x 10" 2 
5.97 x 10" 4 5.97 x 10" 4 5.97 x 10" 4 5.97 x 10" 4 
9.61 x ID" 5 1.13 x 10* 4 1,04 x 10" 4 1.30 x 10" 4 



3.72 x 10 -2 4.00 x TO" 2 4> qq x 10" 2 4,00 x 10" 2 4.00 x 10 -2 



3,59 x 10" 4 
3.59 x 10" 4 



3,86 x 10" 4 3,86 x 10' 4 3.86 x 10" 4 3.86 x 10" 4 
3.86 x 10" 4 3.86 x 10" 4 3.86 x TO" 4 3.86 x 10" 4 
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Table G-23. 



Decrease in Collective Dose from Reduced Tritium Release 
to Indian Grave/Pen Branch, Person-Rem per Year (Once- 
Through Cooling Tower for K-Reactor) 



Pathway 



All soft tissues 



Effective whole body 



Drinking water 

Beaufort- Jasper 
Port Wentworth 



1.33 x 10 
2.51 x 10 



- 2 

- 2 



1.13 x 10 
2,13 x 10 



-2 
-2 



Total 



3.84 x 10 



- 2 



3.26 x 10 



- 2 



Sport fish 
Commercial fish 
Shellfish 



2*72 x 10 
1.73 x 10 
5.32 x 10 



- s 

- 6 



- 8 



2.31 x 10 
1.47 x 10 
4.52 x 10 



- 5 



- 3 



Total 



Grand total 



- 5 



2.90 x 10 
3,84 x 10" 2 



2.46 x 10 



3.26 x 10 



- 5 



- 2 



Table G-24 



Decrease in Collective Dose from Reduced Tritium 

Release to Four Mile Creek, Person-Rem per Year 
(Once-Through Cooling Tower for C-Reactor) 



Pathway 



All soft tissues 



Effective whole body 



Drinking water 
Beaufort-Jasper 
Port Wentworth 

Total 



1.33 x 10 _z 
2.51 x 10" 2 



3.84 x 10 



- 2 



1.13 x 10 
2.13 x 10 



3.26 x 10 



- 2 

- 2 



- 2 



Sport fish 
Commercial fish 
Shellfish 



2.72 x 10 

1.73 x 10 
5.32 x 10 



- 5 

-6 



-8 



2.31 x 10 
1.47 x 10 
4.52 x 10 



- 5 



- 6 



- 8 



Total 



Grand total 



-s 



2.90 x 10 
3.84 x 10 _z 



2.46 x 10 



3.26 x 10 



- 5 



- 2 
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TabLe G-25 



Decrease in Collective Dose from Reduced Tritium 
Release to Indian Grave/Pen Branch, Person-Rem per 
Year (Recirculating Cooling Towers for K-Reactor) 



Pathway 



All soft tissues 



Effective whole body 



Drinking water 
Beaufort-Jasper 

Port Wentworth 



1.13 x 10 

2.14 x 10 



- 1 



- 1 



9*58 x 10 
1.82 x 10 



-2 



- 1 



Total 



3.27 x 10 



- L 



2.78 x 10 



- 1 



Sport fish 
Commercial fish 
Shellfish 



2.30 x 10 
1.47 x 10 

4.52 x 10 



- 4 

- 5 



- 7 



1,96 x 10 
1.25 x 10 
3.84 x 10 



-4 



-5 



- 7 



Total 
Grand total 



2.45 x 10 



3.27 x 10 



- 4 



- 1 



2.09 x 10 



2.78 x 10 



-4 



- 1 



Table G-26 



Decrease in Collective Dose from Reduced Tritium 
Release to Four Mile Creek, Person-Rem per Year 
(Recirculating Cooling Towers for C-Reactor) 



Pathway 



All soft tissues 



Effective whole body 



Drinking water 
Beauf o r t- Jaspe r 
Port Wentworth 



1.13 x 10 

2.14 x 10 



- i 

- i 



-2 



9.58 x 10 
1.82 x 10" l 



Tnr*1 



v oi v in 



- 1 



9 . 7R v in 



- 1 



Sport fish 
Commercial fish 
Shellfish 



2.30 x 10 
1.47 x 10 
4.52 x 10 



- 4 



- S 



- 7 



1.96 x 10 

1.25 x 10 
3.84 x 10 



- 4 



- 5 



- 7 



Total 



2.45 x 10 



- 4 



2.09 x 10 



-4 



Grand total 



3.27 x 10 



- i 



2.78 x 10 



- 1 



- 4 



The total cancer risk for all organs reported in ICRP-26 is 1.25 x 10 per 
rem, compared to 1.20 x 10" 4 reported in BEIR III. However, the genetic 
risk estimate reported in ICRP-26 is about three times lower than that of BEIR 
III . BEIR III risk estimates were used in this analysis because (1) BEIR III 
is a more recent and comprehensive evaluation of radiation-induced health 
effects and (2) BEIR III results in higher estimates of total risk. 



G-32 



Table G-27. Decrease in Collective Dose from Reduced demobilization of Radiocesium from Indian Grave/Pen Branch Stream Bed, 
Person-Rem Per Year (Recirculating Cooling Towers for K -Reactor) 



Pathway 



Gonads 



Breast 



R. Marrow 



Lung 



Thyroid Bone Surface SI Wall 



ULI Wall 



LLI Wall 



Effective 
whole body 



Drinking water 
Beaufort-Jasper 
Port Wentworth 



a 




i 


Total 


UJ 




uo 






Sport fish 




Commercial fish 




Shellfish 




Shoreline 




Total 




Grand Total 



1.05 x 10-2 8.99 K NT 3 9.74 x lCT* 9.74 x 10" 3 9.74 x 10"? 9.74 x 10" 3 1.05 x 10" 2 1,05 x 10"2 1.05 x 10"f 1,05 x 10-2 

3.81 x 10~ Z 3.27 x 10' z 3.54 x 10" z 3,54 x 10 _z 3.54 x 10" z 3.54 x 10" z 3.81 x 10" z 3.81 x 10"* 3.81 x 10"* 3.81 x NT* 

4.86 x 10" 2 4,17 x 10" 2 4.51 x 10~ 2 4.51 x 10" Z 4.51 x 10" 2 4.51 x 10" 2 4.86 x 10" 2 4.86 x 10~ 2 4.86 x 10~ 2 4.86 x 10" Z 

1,79 x 10*1 1.53 x 10"! 1.66 x 10"! 1.66 x 10"} 1.66 x 10"J 1,66 n 10'J 1.79 x 10"J 1.79 x 10"J 1,79 x 10'J 1.79 x 10"J 

1.14xl0- 2 9.74 x 10"2 106x10-2 1,06x10-2 1.06x10-2 1.06x10-2 1.14 » 10 J 1.14 x 10^ 1.14 x HT* 1.14 xlCT 2 

2.83 x 10' 6 2.42 * 10 -6 2.63 x 10~5 2.63 x 10^* 2-63 x 10"f 2,63 x 10"? 2.83 x 10^ 283 x lO"* 2. 83 x 10** 2.83 x 10"? 

1.26 x 10" 3 1.14 x 10" 3 9.56 x 10* 4 9.42 x lO^ 4 1.18 x 10~ 3 1.07 x 10" 3 7.84 x 10" 4 9.22 x 10^ 8.53 x 10" 4 1.06 x 10" J 

1.92 x 1Q-* 1.64 x TO" 1 1.78 * 10^ 1.78 x 10" 1 1.78 x 10" 1 1.78 x 10' 1 1.91 x 10' 1 1,91 x 10" 1 1,91 x 10" 1 1.91 x lO^ 1 

2.40 x 10 _1 2.06 x 10"* 2.23 x 10 _1 2.23 x 10 _1 2.23 x 10 _1 2.23 x 10 _1 2.40 x 10' 1 2.40 x 10" 1 2.40 x 10" 1 2.40 x 10" 1 
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Table G-28. 



Decrease in Collective Dose from Reduced Remobil iiation of Radiocesium from Four Mile Creek Stream Bed, 
Person-Rem Per Year {Recirculating Cooling Towers for C-Reactor) 



Pathway 



Gonads 



Breast 



R. Marrow 



Lung 



Thyroid Bone Surface SI Wall 



ULI Wall 



LLI Wall 



Effective 

whole body 



o 
i 



Drinking water 
Beaufort-Jasper 
Port Wentworth 

Total 

Sport fish 
Commercial fish 
Shellfish 
Shoreline 

Total 

Grand Total 



1,83 x 1(T Z 1.57 x 10"! 1-70 x 10"f 1.70 x 10"? 1.70 x 10"? 1.70 x TO" 2 1.83 x 10 -2 1 -33 x lu ? 1.33 x 10 ? 1.83 x 10 - 



6.67 x 10" 2 5.71 x 10" 2 6.19 x 10" 2 6.19 x 10" 2 6.19 x 10" 2 6.19 x 10~ Z 6.67 x 10'^ 6.67 x HT* 6,67 x 10 c 6.67 x 10 £ 
8.50 x 10' 2 7. 28 x 10~ 2 7.89 x 10~ 2 7.89 x 10" 2 7.89 x 10" 2 7.89 x 10 -2 8.50 x 10" 2 8.50 x 10" 2 8.50 x 10" 2 8.50 x 10" 2 



3-13 x 
1,99 x 
4.95 x 
2.Z0 x 



10 



-1 

10" 2 

10"? 
10" 3 



2.68 x 
1.71 x 
4.24 x 
2.00 x 



10-] 

10"f 
10' 3 



2.91 x 
1.85 x 
4.59 x 
1,67 x 



io-i 

10^ 
10~ 3 



2.19 
1,85 
4.59 

1.65 



10-] 

10"f 
10" 3 



2.91 
1.85 
4.59 

2.07 



)0_ 2 

10-* 

10' 3 



2.91 x 
1.85 x 
4.59 x 

1.87 x 



10 
10 
10 
10 



-1 

-2 
-6 
-3 



3.13 
1.99 
4.95 
1.37 



io-] 

10^ 
10-* 
10" 3 



3.13 x 
1.99 x 
4.95 x 
1.61 



10 

10 

10 

x 10 



-1 
-2 



-3 



3.13 x 
1.99 x 
4.95 x 

1.49 x 



io-] 

io-f 
io -3 



3.13 x 
1.99 x 
4.95 x 

1.85 x 



IO"] 

10-5 

10" 3 



- ~r t 

3.35 X IU ' 



t.Qf X IU ' 



r% 1 i v rt.— I "l 

J. M X iu • J. 



,«-1 

X IU ' 



J. \C K IU " 



■4 1 1 in-'l 



•% ij _ in— 1 

J.J-» A IV 



■a )c « in-1 

J .J J Jl IU 



■J . mJ-r l\ > 



n-1 ■* ir 



in 



-1 



4.20 x 10" 1 3.60 x 10" 1 3.90 x 10" 1 3.90 x IO - * 3.90 x 10 _1 3.90 x 10 _1 4.19 x 10 _1 4.20 x 10" T 4.19 x 10" 1 4,20 x 10" 1 
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Table G-29, 



Annual Maximum Individual Ooses f rom Atmospheri c Releases; Cumulative Impact 
Without the Cooling Alternatives, in Year 2000 {Millirem Per Year) 



Keceptor organ 



iKh 1 



DWPF 



Faci 1 i ties 



rnr 



r nr a 
r TF 



ir i. 1 _ b 



Total 
from all 

r ji:i: 



ADULT 



O 
I 



Gonads 
Breast 
R, Marrow 
Lungs 

Thi/rTi i A 
' "J - v ' " 

Bone Surface 
ST Wall 
SI Wall 
ULI Wan 
LLI Wall 
Kidneys 
Liver 
Pancreas 
Spleen 
Thymus 
Uterus 
Adrenal s 
81 ad. Wall 
Skin 

ftemai nder 
E.W.B.O. 



5.85 


X 


10"' 


5.99 


X 


10"' 


1.85 


X 


10' 1 


6.47 


X 


10" 


1.77 






3.59 


X 


10" 1 


4.88 


X 


1G" 1 


4.85 


X 


10"' 


6.20 


X 


10" 1 


r r n 
D,V£. 


X 


in-1 
IU 


4,37 


X 


10"' 


4.86 


X 


io-' 


5.30 


X 


io-' 


5.44 


X 


10 ' 


4.44 


X 


io-' 


4.32 


X 


IO"' 


4.39 


X 


10"' 


5.30 


X 


io-' 


6.23 


X 


io-' 


5.17 


X 


io-* 


6.38 


X 


io- 1 



1.89 x 


IO" 4 


1.68 x 


TO" 4 


1.07 x 


io~' J 


4.33 X 


10" 4 


6.54 x 


10" 3 


2.77 x 


10" 3 


7.59 x 


10"* 


1.53 x 


IO" 4 


2.72 x 


10" 4 


A ~> A .. 


m-4 


H . /*t A 


ly 


7.97 x 


W~ b 


2.29 x 


10" 4 


6.71 x 


10" s 


7.48 x 


KT* 


8.37 x 


10"" 


6.81 x 


10" b 


7.95 x 


io- b 


7.70 x 


10"* 


1.19 x 


io- 4 


8.98 x 


10' s 


7.00 x 


IO" 4 



5.41 


X 


10"' 


2.75 


X 


]Q~ b 


5,93 


x 


10" b 


4.53 


X 


10"* 


1.77 


X 


10"' 


9.19 


X 


IO" 4 


8.53 


X 


lG" a 


5.58 


X 


10" b 


3.27 


X 


IO" 4 


n rtft 


v> . 


in-3 


1 . uu 


A. 


1 u 


3.88 


X 


10" 4 


7.14 


X 


10"* 


8.50 


X 


10 B 


8.39 


X 


10" tt 


9.04 


X 


IO - " 


5.38 


X 


10" b 


1.28 


X 


10"' 


7,06 


X 


10"° 


4.87 


X 


10 _fa 


0.00 






5.58 


X 


10" J 



1.15 


X 


10" a 


2.16 


X 


?0" a 


2.49 


X 


io-' 


1.90 


X 


10" 4 


9.69 


X 


10" 9 


3,77 


X 


lG -fa 


6.37 


X 


1<T* 


5.50 


X 


10" y 


7.24 


X 


10"* 


L iUU 




in-* 


1.59 


X 


IO"" 


6,38 


X 


10~ v 


5.48 


X 


10' 9 


6.39 


X 


to-" 


/.43 


X 


_ — _ a 

1U ' 


5.58 


X 


10"" 


7.17 


X 


10" y 


6.39 


X 


10"* 


3,05 


X 


10"° 


0.00 






3.98 


X 


10" b 



- 1 



5.59 x 10 
3.41 x IO" 1 
9.96 x 10" 1 



-5 AC v 
j , tj r- 



in-1 



4.51 x 10" 1 
6.44 x 10"' 



4.01 x 10" 1 
5.39 x 10"' 



5.85 x 


10"' 


5.99 x 


10"' 


7.45 x 


10" 1 


1.03 




4.77 




3.63 x 


IO" 1 


4.88 x 


IO" 1 


4.85 x 


10" 1 


6.21 x 


IO" 1 


o no v 




8.88 x 


io-' 


T - 13 




5.30 x 


10"' 


5.44 x 


10"' 


4.44 x 


■1 « _ 1 

IU ' 


4.32 x 


10"' 


4,39 x 


10"' 


5.30 x 


10"' 


1.02 




5.18 x 


10 J 


1.18 





TEEN 



Gonads 


6.28 x 10" 1 


2.04 x IO" 4 


5.41 x 10^ 7 


1.15 x IO" 




6.28 x 10 _1 


Breast 


6.42 x 10 _l 


1.81 x IO" 4 


2.75 x IO' 6 


2,16 x 10" B 




6.42 x 10 1 


R. Marrow 


1.89 x 10' 1 


1,21 x IO" 3 


6.82 x 10' s 


2.85 x IO" 7 


7.49 x 10 _1 


9.39 x IO" 1 


Lungs 


6.90 x 10" 1 


4.47 x IO" 4 


4.53 x IO -2 


1.90 x IO" 4 


3.65 x IO" 1 


1.10 


Thyroid 


4.31 


7.54 x 10 _J 


1 , // x iu ' 


y.oy x iu ' 


1 .LO 


3.DU 



Table G-29. 



a 
i 



Receptor organ 



Bone Surrace 
ST Wall 
SI Wall 
ULI Wall 
LLI Wall 
Kidneys 
Liver 
Pancreas 
Spleen 
Thymus 
Uterus 
Adrenals 
Blad. Wall 
Skin 

Remai nder 
E.W.B.D. 



Gonads 
Breast 
R. Marrow 
Lungs 
Thyroid 
Bone Surface 
ST Wall 
SI Wall 
ULI Wall 



Annual Maximum Individual Doses from Atmospheric Releases; Cumulative Impact 
Without the Cooling Alternatives., in Year 2000 ( Mi 11 i rem Per Year) (continued) 



SRP 



3.68 x 


1CT 1 


5.32 x 


10" 1 


5.28 x 


IO" 1 


6.55 x 


IO' 1 


5.83 x 


10"' 


4.77 x 


itr 1 


5.28 x 


KT 1 


5.71 x 


10 1 


S.03 X 


t « — 1 

IU 


4.85 x 


10"' 


4.73 x 


ID -1 


4.79 x 


10 _l 


5.70 x 


10"' 


6,63 x 


IO" 1 


5.50 x 


io-^ 


6.87 x 


10"' 



4.85 x 10 _1 
5.00 x 10 _1 
x 



1.71 
5.19 

3.47 
2.73 
3.89 
3.86 
5.07 



- 1 



10 

io-' 

10"' 
10 ' 

io-' 



Facilities 



DWPF 



3,07 x 


IO" 3 


7.69 x 


IO"* 


1.68 x 


10" 4 


2.67 x 


10" 4 


4.33 x 


10" 4 


8.07 x 


IO"* 


2.31 x 


10" 4 


6.81 x 


10"> 


-f r* r* 


in-S 


/ .DO X 


IV 


8.47 x 


10" 1 


6,91 x 


io- b 


8.05 x 


10 _i 


7.80 x, 


IQ" 


1.20 x 


-io-" 


1,05 x 


10" 4 


7.64 x 


io -* 



1 


.83 


X 


io- 


4 


1 


62 


X 


10" 


-4 


9 


77 


X 


10 


4 


2 


.79 


X 


10" 


4 


6 


.13 


X 


10" 


-3 


2 


.27 


X 


10" 


-a 


7 


.37 


X 


10' 


-b 


1 


.46 


X 


10' 


-4 


2 


.22 


X 


10 


4 



FMF 



TEEN .{conti nued) 



1.06 
8,53 
5.58 
3.77 
1,15 
4.47 
7,14 
8.50 

n Ort 

9.04 
5.38 
1.28 
7,06 
4.87 
0.00 
5.60 



10" 3 
10" B 

10" a 
10" 4 
10" 3 
10 4 

10" 8 
10^ B 

t n-s 

IU 

10" B 

10" & 
IO" 7 
10" e 
10" fe 



x 10 



-3 



fHTi n 



5.41 
2.75 
5.54 
2,10 
1.77 
8,60 
8.53 
5.58 
3.05 



IO" 7 
I0^ b 
10" 5 
IO" 2 
10 7 
10" 4 
l(T e 
I0" a 
10" 4 



FPF 



Vogtle 1 



4.34 


X 


IO -6 


6.37 


X 


lG" y 


5.50 


X 


10" y 


5.04 


X 


10"^ 


1.43 


X 


IO" 4 


1.83 


X 


IO"* 1 


6.38 


X 


1Q" V 


5.48 


X 


IO" 9 


c ?n 




in-* 


U ■ J3 


A 


1 u 


7.43 


X 


io- y 


5,58 


X 


IO" 9 


7.17 


X 


10"" 


6.39 


X 


IO" 9 


3.05 


X 


io- u 


0,00 






3,47 


X 


io- b 



1.15 x 


IO" 8 


2,16 x 


IO" 3 


2,34 x 


10"' 


8,77 x 


10 _i 


9.69 x 


10~ y 


3,52 x 


10"** 


6.37 x 


lQ" y 


5,50 x 


IO"** 


3,47 x 


10 _J 



3 


61 


x 


10" 


-i 


5 


26 


X 


10 


\ 


8 


47 


X 


10" 


1 



4.15 x IO" 1 
5.26 x 10 _1 



1.81 

4.24 x I0 _t 

2.16 



Total 
from all 
facil i ti es 



3.72 


X 


10" ' 


5.32 


X 


IO" 1 


5.28 


X 


IO" 1 


6.56 


X 


IO" 1 


9.46 


X 


IO" 1 


K00 






1,38 






5.71 


X 


IO"* 


c nt; 




in-i 


-J . V*J 


A 


r w 


4.85 


X 


10"' 


4.73 


X 


10"' 


4.79 


X 


IO" 1 


5.70 


X 


io-' 


1.08 






5.51 


X 


10"' 


1.22 







4.85 
5,00 
1.98 
9.64 
5.64 
2.76 
3.89 
3.86 
5. OS 



IO" 1 

IO" 1 

10^ 

IO" 1 

10"' 
IO" 1 
10 ^ 



Table G-29. 



Annual Maximum Individual Doses from Atmospheric Releases; Cumulative Impact 
Without the Cooling Alternatives, in Year 2000 (Millirem Per Year) (continued} 



haci i i ties 



i 



Receptor organ 



LLI Wall 
Ki dneys 
Li ver 
Pancreas 
Spl een 
Thymus 
Uterus 
Adrenal s 
Bladder Wall 
Skin 

Remai nder 
E.W.B.D. 



SRP 



4.23 x 10 



-> AC 


x 


irt-i 
1 \l 


3.78 


X 


10" 


4.40 


X 


io-' 


4.54 


X 


10" 


3.54 


X 


io-' 


3.42 


X 


11T' 


3.48 


X 


10" 


4.39 


X 


10"' 


5.32 


X 


io-' 


4.38 


X 


10"* 


5.36 


X 


10" 1 



DWPF 



3.43 x 


10" 4 


7 "7C w 

i . i j /\ 


i n~ s 

1 u 


1.47 x 


io- 4 


6.49 x 


10" 1 


7,26 x 


1Q- S 


8.15 x 


IO -1 


6.i>9 x 


IU - 


7,73 x 


IO" 4 


7.48 x 


io- b 


1.17 x 


10"" 


8.49 x 


10" b 


6.23 x 


10" 4 



FMF 



FPF 



Vogtle 



CHILD (continued) 



9.36 x 10 



-4 



1 £7 




in-* 

1 V 


7.14 


X 


10"" 


8.50 


X 


10" H 


8.39 


X 


10"° 


9.04 


X 


10~ d 


5,36 


X 


i « — H 

IU " 


1.28 


X 


10"' 


7.06 


X 


10" a 


4,87 


X 


10" fa 


0.00 






2.64 


X 


10"" 



9.87 x 


10"* 


1 .49 x 




6.38 x 


io- c> 


5.48 x 


10" 9 


6.39 x 


io-* 


7.43 x 


io- 4 


5.58 x 


1 rt-9 
IU 


7.17 x 


IO"" 


6.39 x 


10"* 


3.05 x 


IO"* 


0.00 




1.88 x 


10 _i 



- 1 



4.15 x 10 
6.91 x 10" 1 
1-25 



4.71 x 10" 1 
5.37 x 10" 1 



Total 
from all 
faci 1 i ties 



8.39 x 10" 1 
1 .04 

1.63 

4.40 x 10" 1 
4.54 x 10"' 
3.54 x 10 _1 

*** jii in-l 

J.MC X IU 



3.48 x 
4.39 x 
1.00 
4.39 x 
1.08 



10" 1 
IO" 1 



10 



-2 



INFANT 



Gonads 



Breast 
R. Marrow 
Lungs 
Thyroid 
Bone Surface 
ST Wall 
SI Wall 
ULI Wall 
LLI Wall 
Ki dneys 
Li ver 



1 

L. . 


T 1 
. 1 P 


X 


i n- 
I u 


1 


2, 


.26 


X 


10' 


i 


1. 


.32 


X 


10" 


i 


2, 


.30 


X 


10" 


^ 


6, 


.86 


X 


10" 


i 


1, 


.65 


X 


10" 


" ' 


1. 


.16 


X 


io- 


■ i 


1 . 


.12 


X 


10" 


i 


2 


.20 


X 


10" 


i 


1 


.12 


X 


10' 


■ \ 


1 


.04 


X 


1Q- 


■ 1 


1 


.20 


X 


10" 


- 1 



1 1Q v, 

1 ■ i J A 


in-* 
i \j 


1 .07 x 


10~ 4 


1,23 x 


IO" 4 


1.41 x 


IO" 4 


1,05 x 


10"" 


2.68 x 


IU"" 


6.79 x 


10"* 


8.27 x 


10" b 


9.34 x 


10~ b 


8.93 x 


10"' 


7.17 x 


10" b 


9.43 x 


10"* 



5.41 
2.75 
9.28 
7.93 
1,77 
1.3b 
8.53 
5,58 
4.81 
1.46 
5.70 
7.14 



in 



- 7 



-6 

-7 



10 

10 

IO -3 

IO" 7 

10 s 

IO" 8 

IO" 8 

IO" 6 

IO" 5 

10"° 

10"* 



1 . 15 x 


10" B 


2.16 x 


1ET* 


1.02 x 


10" ti 


3.32 x 


10" b 


9.69 x 


10~ y 


6.53 x 


-. n — a 

IU " 


6.37 x 


IO" 9 


5,50 x 


IO" 4 


2.64 x 


10" a 


6.68 x 


10" d 


2.96 x 


IO"" 


6.38' x 


10"* 



1.06 
4.18 x 
4.U 



3.38 x 
5.49 x 
1.09 



10 



- 1 



IO" 1 
IO" 1 



?_ 1 1 X 


Ifl" 1 


2.26 x 


10"' 


1.19 




6.56 x 


10"' 


4.80 




■i y r 
1 . OD X 


i n- 1 


1.16 x 


lO^ 1 


1.12 x 


IO" 1 


2.20 x 


IO" 1 


4.50 x 


IO" 1 


6.53 x 


10"' 


1.21 





Table G-29. Annual Maximum Individual Doses from Atmospheric Releases; Cumulative Impact 
Without the Cooling Alternatives, in Year 2000 (Millirem Per Year) (continued) 

Facilities 

Total 

from all 

Receptor organ SRP DWPF FMF FPF a Vogtle b facilities 

INFANT (continued) 

Pancreas 1.97 x 10™ 1 5.91 x 10" 5 8,50 x 10" e 5.48 x 10" 9 K97 x lO^ 1 

Spleen 2.11 x 10~ 1 6,68 x TO" 5 8.39 x 10" e 6.39 x 10" 9 2.11 x 10' 1 

Ihymus 1.11 x 10 = 1 7.57 x 10^ s 9.04 x 10 6 /,43 x 10 * 1.11 x 10 1 

Uterus 9.91 x 10^ 2 6.01 x 10" 5 5,38 x 10 _B 5.58 x 10" 9 9.92 x 10~ 2 

Adrenals 1.06 x 10" 1 7,15 x 10 -5 1.28 x 10" 7 7,17 x 10 _g 1.06 x 10" 1 

Bladder Wall 1.97 x 10 _1 6,90 x 10" 5 7.06 x 10" 6 6,39 x M)'* 1.97 x 10" 1 

Skin 2.90 x 10 _1 1.11 x 10 -4 4.87 x 10~* 3.05 x 10" B 3.97 x 10"" 1 6.87 x 10' 1 

<p Remainder 1.28 x 10' 2 2.31 x 1G" 5 0.00 0.00 1.28 x 10" 2 

t!o E.W.B.D. 2.22 x 10 _1 2.27 x 10 -4 9.55 x 10" 4 4.01 x I0" fc 3.92 x 10"" 1 6.15 x 10~ 1 

00 



a. There are no radioactive liquid releases during normal FPF operations. 



u. Doitb from Georgia Power Company , 1 ^o5 



Table G-30. 



Receptor organ 



Annual Maximum Individual 
the Cooling Alternatives, 



Doses from Liquid Releases; Cumulative Impact Without 
in Year 2000 (Mi Hi rem Per Year) 



Faci 1 i ti es 



SRP 



DWPF 



FMF 



ADULT 



FPF 



Vogtle 1 



Total 
from all 
faci 1 i ties 



O 

I 

to 



Gonads 


1.13 






4,38 


X 


10" 3 


3.88 


X 


10~ 7 


Breast 


9.65 


X 


ID" 1 


4.38 


X 


10" 3 


1.97 


X 


IO" 6 


R. Marrow 


9.26 


X 


10" 1 


4.99 


X 


10" 6 


2.76 


X 


IO -4 


Lungs 


1.01 






4.38 


X 


10" 3 


9.54 


X 


icr 8 


Thyroid 


1.01 






5.55 


X 


1Q" 3 


1.27 


X 


IO" 7 


Bone Surface 


9.86 


X 


io- 


7.37 


X 


ID -6 


4.29 


X 


10^ 3 


ST Wall 


2.19 


X 


10" 


4.73 


X 


1Q" 3 


6.12 


X 


10" e 


SI Wall 


1.16 






4.37 


X 


IO" 3 


4.01 


X 


1Q^ B 


ULI Wall 


4.84 


X 


10" 


4.42 


X 


IO" 3 


1.52 


X 


IO" 3 


LLI Wall 


1.18 






4.49 


X 


IO" 3 


4.67 


X 


IO" 3 


Kidneys 


2.20 


X 


10" 


4.40 


X 


10" 3 


1.81 


X 


IO 3 


Liver 


2.19 


X 


10" 


4.39 


X 


10" 3 


5.13 


X 


10 B 


Pancreas 


2.19 


X 


10" 


4.38 


X 


10" 3 


6.10 


X 


10 _a 


Spleen 


2.19 


X 


10" 


4.38 


X 


10" 3 


6.02 


X 


10 * 


Thymus 


2.19 


X 


10" 


4.37 


X 


IO" 3 


6.49 


X 


10" B 


Uterus 


2.19 


X 


10" 


4.37 


X 


10" 3 


3.86 


X 


1Q" B 


Adrenals 


2.19 


X 


10" 


4.37 


X 


10" 3 


9.15 


X 


10" e 


Blad. Wall 


2.19 


X 


10" 


4.37 


X 


1G" 3 


5.06 


X 


1Q" B 


Skin 


2.20 


X 


io- 


4.37 


X 


ID' 3 


3.50 


X 


10" b 


Remai nder 


9.87 


X 


10" 


3.15 


X 


10" 9 








E.W.B.D. 


1.08 






3.67 


X 


10" 3 


6.49 


X 


10" 4 
















TEEN 




Gonads 


8.47 


X 


10" 


3.07 


X 


10" 3 


1.30 


X 


IO" 6 


Breast 


7.25 


X 


10" 


3.07 


X 


10" 3 


6.60 


X 


IO -6 


R. Marrow 


7.05 


X 


10" 


3.72 


X 


10~ 6 


1.95 


X 


IO" 4 


Lungs 


7.61 


X 


10" 


3.07 


X 


10" 3 


3.20 


X 


IO" 7 


Thyroid 


7.62 


X 


10" 


3.92 


X 


10" 3 


4.24 


X 


10" 7 


Bone Surface 


7,47 


X 


10" 


5.48 


X 


10~ 6 


3.02 


X 


10~ 3 



6.15 x IO" 1 
3.02 x 10"* 
6.89 x 10 _1 



3,22 x 10" 1 
5.49 x IO" 1 
1.27 



3.06 x IO" 3 
9.85 x 10" 1 



6.59 x 10" 1 
2.82 x IO" 1 
5.89 x IO" 1 



1,13 






9.69 


X 


10" 


1.54 






1.32 






1 .70 






9.90 


X 


10"' 


2.24 


X 


10"' 


1.16 






4.90 


X 


10"' 


1.51 






7.75 


X 


io-' 


1.49 






2,23 


X 


10-' 


2.23 


X 


10"' 


2.23 


X 


io-' 


2.23 


X 


io-' 


2.23 


X 


io-' 


2.23 


X 


10"' 


2.27 


X 


io-' 


9.87 


X 


io-' 


2.07 






8.50 


X 


10"' 


7.28 


X 


10"' 


1.36 






1.05 






1.35 






7.50 


X 


io-' 



BC-22 



BC-22 



Table 6-30, Annual Maximum Individual Doses from Liquid Releases; Cumulative Impact Without 



I 

O 



Receptor organ 



ST Wall 

SI Wall 

ULI Wall 

LLI Wall 

Kidneys 

Liver 

Pancreas 

Sol pen 

Thymus 

Uterus 

Adrenals 

Bladder Wall 

Skin 

Remainder 

E.W.B.D. 



6onads 
Breast 
R, Marrow 
Lungs 
Thyroid 
Bone Surface 
ST Wall 
SI Wall 
ULI wall 



Lilt \_ULMIHy HIICI liativcj 



9nnn 



f M-i 1 1 -i ram Pop Voar ^ frnntiniiPfn 



SRP 



1.56 
8,69 
3.57 
8.88 
K56 
1.56 
1.55 
1.56 
1,56 
1.55 
1.56 
1.56 
1.58 
7.51 
8.15 



4.51 
3,98 
3.23 
4.14 
4,14 
3.61 
1.50 
4.61 



LLI Wall 



io- 1 

10"' 

io- 1 

10" 1 
10"' 
10^' 

10- 1 

10"' 
10-' 
10"' 
10" 1 
10- 1 
10" 1 

io-' 



kt 1 

10"' 
IO" 1 
IO"' 
10"' 
10"' 
IO" 1 

io-' 

i n-1 

I u 

- 1 



Facilities 



DWPF 



FMF 



3.32 x 


10" 3 


3.07 x 


to" 


3.10 x 


IO" 3 


3.15 x 


10" 


3,09 x 


10" 


3.08 x 


10" 


3.07 x 


10" 


3.07 x 


10" 


3,07 x 


10" 


3.07 x 


10" 


3,07 x 


10" J 


3.07 x 


10" 3 


3,07 x 


10" 


2.40 x 


10" 


2,58 x 


10" 



4.76 x 10 



2.99 x 


io- 3 


2.99 x 


10" 


2.21 x 


10" b 


2.99 x 


10" 


3.64 x 


10" 


3.67 x 


10" b 


3.18 x 


10" 


2.99 x 


10" 


n n i „ 


in-3 


J . U 1 A 




3.05 x 


10" 



TFFN 



( conti nu£d } 


2.05 x 


io- 7 


1.34 x 


10" 


1.07 x 


IO - " 3 


3.29 x 


10" 


1.28 x 


10" 3 


1.72 x 


10" 


2.04 x 


10" 


2.02 x 


10" 


2.17 x 


10" 


1.29 x 


10" 


3.07 x 


10" 


1.70 x 


10" 


1.17 x 


10" 



4,58 x 10 
CHILD 



-4 



2.72 x 


10" 


1.38 x 


10" 6 


1.84 x 


10" 4 


6.68 x 


10" 


8.87 x 


10" 


2.86 x 


10" 


4.29 x 


10" 


2.80 x 


10" 


l n? v 


in" 


3.12 x 


10" 



FPF 



Vogtle 1 



8.19 x 10" 1 
3.56 x 10 _1 
1.14 



Total 

from all 

faci 1 i ties 





1.59 


x 10" 1 




8.72 


x 10" 




3.61 


x 10" 1 


2.41 x 10" 1 


1.14 




5.14 x 10" 1 


6.74 


x 10" 


1.25 


1.41 






1.58 


x 10" 1 




1.59 


x 10" 1 




i .by 


X IU ' 




1.58 


x IO" 1 




1.59 


x IO" 1 




1.59 


x IO" 1 


1.71 x 10" 


1.78 


x 10 _1 




7.51 


x IO" 1 


6.01 x 10" 1 


1.42 





2.84 x 10 



- 1 



4.54 x IO" 1 

4.01 x IO" 1 

1.14 

7.73 x IO" 1 

1.56 

3.64 x IO" 1 

1.53 x IO" 1 

4.64 x IO" 1 

2.44 x 10"' 

7.66 x IO" 1 



Table G-30, 



Annual Maximum Individual 
the Cooling Alternatives, 



Doses from Liquid Releases; Cumulative Impact Without 
in Year 2000 (Millirem Per Year) (continued) 



Receptor organ 



SRP 



Facili ties 



DWPF 



FMF 



FPF 



Vogtle 1 



Total 
from all 
facilities 



CHILD (continued) 



O 
I 



Kidneys 


1.50 


X 


10" 1 


3.00 


X 


IO" 3 


1.21 x IO -3 


Liver 


1.50 


X 


10" 1 


3.00 


X 


IO" 3 


3.59 x IO" 3 


Pancreas 


1 .50 


X 


10" 1 


2.99 


X 


10"* 


4.27 x 10" B 


Spleen 


1.50 


X 


10" 1 


2.99 


X 


1C" 3 


4.21 x 10~ 8 


Thymus 


1.50 


X 


10- 1 


2; 99 


X 


IO" 3 


4.54 x IO" 8 


Uterus 


1 - 50 


X 


10 1 


2.99 


X 


IO" 3 


2.71 x IO" 8 


Adrenal s 


K50 


X 


10" 1 


2.99 


X 


1G^ 3 


6.41 x IO" 8 


Bladder Wall 


1,50 


X 


10" 1 


2.99 


X 


IO" 3 


3.55 x 10" B 


Skin 


1.50 


X 


10" 1 


2.99 


X 


1Q" 3 


2.45 x IO" 6 


Remainder 


3.28 


X 


10" 1 


1,05 


X 


10"' 




E,W.B.D. 


4.25 


X 


IO" 1 


2,50 


X 


IO" 3 


4.33 x IO' 4 

INFANT 


Gonads 


9.76 


X 


IO" 2 


1.90 


X 


10" 3 




Breast 


9-71 


X 


10" 2 


1.90 


X 


IO" 3 




R. Marrow 


2.13 


X 


IO" 2 


6.89 


X 


10 7 


1.14 x IO" 4 


Lungs 


y.72 


X 


io- 2 


1.90 


X 


10~ 3 




Thyroid 


9.72 


X 


10" 2 


2.21 


X 


IO" 3 




Bone Surface 


4.45 


X 


10" 2 


1.51 


X 


10" fc 


1.77 x IO" 3 


ST Wall 


9,47 


X 


10^ 2 


1.99 


X 


1G" 3 




SI Wall 


9.77 


X 


IO' 2 


1.90 


X 


IO" 3 




ULI Wall 


9,84 


X 


IO" 2 


1.91 


X 


IO" 3 


6.31 x IO" 4 


LLI Wall 


1,06 


X 


10" 1 


1.93 


X 


IO" 3 


1.93 x IO" 3 


Kidneys 


9.49 


X 


IO 2 


1.90 


X 


IO" 3 


7.49 x IO" 4 


Liver 


9.48 


X 


10"^ 


1.90 


X 


IO" 3 




Pancreas, 


9.47 


X 


IO" 2 


1.90 


X 


10^ 3 




Spleen 


9.47 


X 


IO" 2 


V.90 


X 


IO" 3 





5,67 x 


IO" 1 


7,21 


X 


10"' 


1.23 




1.38 










1.53 


X 


IO" 1 






1.53 


X 


10"' 






1.53 


X 


io- 1 






1.53 


X 


10"' 






1.53 


X 


IO" 1 






1.53 


X 


10"' 


3.58 x 


io- 3 


1.57 


X 


IO" 1 






3.28 


X 


IO" 1 


4.32 x 


IO" 1 


8.60 


X 


io- 1 






9.95 


X 


IO" 2 






4,90 


X 


io-' 


3.39 x 


IO" 2 


5.53 


X 


10"' 


2,39 x 


IO" 1 


3,36 


X 


10"' 


1,42 




1,52 










4,63 


X 


io-' 






9.67 


X 


10' 






9,96 


X 


10"' 






1.01 


X 


10"' 


2.39 x 


IO" 1 


3.49 


X 


io-' 


2.51 x 


10~ 1 


3.49 


X 


10"' 


2.82 x 


IO" 1 


3.79 


X 


io- 1 






9.66 


X 


io-' 






9.66 


X 


10"' 



|BC-22 



Table G-30. Annual Maximum Individual Doses from Liquid Releases; Cumulative Impact Without 
the Cooling Alternatives, in Year 2000 (Millirem Per Year) (continued) 



Facil i ties 



Total 
from al 1 



Receptor organ SRP DWPF FMF FPF* Vogtle b facilities 



INFANT .(continued) 

ti ^ a An ^ in- 2 i an v in -3 9.66 x 10 

Uterus 9.47 x 10" 2 1.90 x 10 -3 9.66 x 10 

Adrenals 9.47 x 1Q" 2 1,90 x 10" 3 9-66 x 10 

Bladder Wall 9.47 x 10"" 1.90 x 10" 3 9.66 x 10 

Skin 9.47 x 10^ 2 1.90 x 10" 3 9.66 x 10" 2 

Remainder 3.19 x 10^ 3 1.01 x 10" 11 3.19 x 0" 

E.W.B.D. 8.51 x 10" 2 1,58 x 10" 3 2.68 x 10" 4 2.42 x 10" 1 3.29 x 10" 1 



a. There are no radioactive liquid releases during normal FPF operations 
O b. Doses from Georaia Power Company, 1985- 



tr- 



-2 
-2 
-Z 
-2 



Table G-31 



Annual Maximum Individual Doses from Combined Atmospheric and Liquid Releases; Cumulative 
Impact Without the Cooling Alternatives, in Year 2000 {Millirem Per Year) 



Total from all facilities 



Receptor organ 



Adult 



Teen 



Child 



Infant 



l 



Gonads 
Breast 
R, Harrow 
Lungs 
Thyroid 
Bone Surface 
ST Wall 
SI Wall 
ULI'Wall 
LLI Wall 
Kidneys 
Li ver 
Pane reas 
Spl een 
Thymus 
Uterus 
Adrenal s 
Bladder wall 
Ski n 

Remainder 
E.W.B.D. 



1.72 
1.57 
2.29 

IE 

C . J J 

6.48 
1.35 
7.12 
1.65 
1.11 
2,42 
1,66 
2.62 
7,53 
7.67 
6.67 
6.55 
6.62 

1 C3 v. 

1.25 
K04 
3.25 



x 10 



- T 



10" 
10"' 
10"' 
10-' 
10"' 

in-' 

r u 



1.48 
1.37 
2.30 

O IE 

6\95 

1.12 

6.91 

1.40 

1 .02 

2.08 

1.68 

2.78 

7.29 

7.44 

6.44 

6.31 

6.38 

7 9Q v 

w . i— *i /> 

1.26 
8.06 x 
2.64 



10 



10" 1 
10" 1 
10" 1 
10" 1 
10" 1 



in 



10 



- 1 



- 1 



9.39,x 10" 1 
9.01 x 10"' 
3.21 
1 . 74 
7* 19 
6.40 x 
5.42 x 
8.50 x 
7.52 x 
1.61 
1.76 
3.01 
5.93 x 
6.07 x 
5.07 x 
4.95 x 
5.01 x 
5 . 92 x 
K16 

3.72 x 10 
1.94 



ID" 1 
10" 1 
1G" 1 
10 1 



10" 1 
10' 1 
10" 1 
lO^ 1 
10" 1 
in- 1 



- 1 



3.11 


X 


10" 


3.25 


X 


10"' 


1.25 






Q OA 


x 


!Q _t 


6.32 






2.12 


X 


10" 


2,13 


X 


10" 


2.12 


X 


10" 


3.21 


X 


i n — 1 


7.99 


X 


10"' 


1.00 






1,59 






2.94 


X 


io-' 


3.08 


X 


10"' 


2.08 


X 


10" 


1.96 


X 


10"' 


2.03 


X 


10"' 


? Qd 


y 


in- 1 


7.84 


X 


10-' 


1.60 


X 


10-* 


9.44 


X 


10"' 



Table G-32. 



Annual Collective Doses from Atmospheric and Liquid Releases; Cumulative Impact 
Without the Cooling Alternatives, in Year 2000 (Person-Rem Per Year) 



D a f a n 4- n i 



ynn 



CDD 

jr\r 



m.inr 
urrrr 



Faci 1 i ties 



r nr 



rnra 



vogue' 



Total 

from all 

facilities 



o 
I 

4> 



Gonads 

Breast 

R. Marrow 

Lungs 

Thyroi d 

Bone Surface 

ST Wall 

SI Wall 

ULI Wall 

LLI Wall 

Kidneys 

Liver 

Pancreas 

Spleen 

Thymus 

Uterus 

Adrenals 

Bladder Wall 

Skin 

Remainder 

E.W.B.D, 



Gonads 

Breast 

R. Marrow 

Lungs 

Thyroid 

Bone Surface 



4.12 

4.12 

1.04 

4.87 

3.58 

3.02 

3.67 

3.62 

4,25 

4.07 

3.41 

3.91 

3.77 

3.86 

3.42 

3.34 

3.41 

3.77 

4.27 

2.77 



3.52 
3.47 
9.02 
3.48 
3.48 
1.71 



10 1 
10 1 
10 1 
10 1 
10* 
10 1 
10 1 
10 T 
10' 
10 1 
10' 
10 1 
10* 
10' 
10"' 
10 1 
10 1 
10 1 
10 1 



4.78 x 10 1 



10 1 
10' 

10 1 
10 1 
TO 1 



3,52 x 


10"* 


3.22 x 


10"* 


8*03 x 


10"* 


6.41 x 


10"* 


6.64 x 


1Q- 1 


2,26 x 


10" 1 


2.16 x 


10"* 


2.34 x 


10" 2 


3.28 x 


io- z 


4.25 x 


10"* 


2.30 x 


10~* 


4.21 x 


10"* 


1.88 x 


10"* 


2.13 x 


10" 2 


2.42 x 


io-* 


1,91 x 


10~* 


2.28 x 


10"* 


2.20 x 


10"* 


3.63 x 


10"* 


4.22 x 


10" a 



9.37 x 10 



6,50 
6,50 
2.47 
6,50 
7.60 
5.28 



-2 



10" 1 
10" 1 

10" 4 
10"' 

io- 1 

It)" 4 



ATMOSPHERIC 


3 


.77 


X 


10" 


-■q 


1 


.91 


X 


10- 


-3 


3 


.02 


X 


io- 


-■J 


6 


.14 








1 


.?3 


X 


1ft' 


-4 


4 


.63 


X 


10- 


-2 


5 


.94 


X 


10' 


-:> 


3 


.89 


X 


io- 


-i 


1 


.65 


X 


io- 


■2 


5 


.03 


X 


10" 


-2 


1 


.95 


X 


10" 


-A 


4 


.97 


X 


10" 


-b 


5 


.92 


X 


10" 


-i 


5 


.84 


X 


10" 


■b 


6 


.29 


X 


10" 


b 


3 


75 


X 


10" 


-i 


8 


88 


X 


10 


b 


4 


91 


X 


10" 


;> 


3 


39 


X 


10" 


-3 


7 


44 


X 


10" 


- 1 


LIQI 


/ID 




3 


88 


X 


10" 


6 


1 


97 


X 


10" 


b 


3 


93 


X 


10" 


2 


9 


54 


X 


10" 


/ 


1 


27 


X 


10" 


t> 


6 


10 


X 


10" 


1 



7.98 x 


10 -6 


1.50 x 


10" 5 


1.68 x 


10" 5 


2.57 x 


10" 2 


ft. 75 x 


in- 6 


1.96 x 


10" 4 


4.43 x 


lQ- fc 


3.83 x 


10" 6 


4.15 x 


10~ 3 


1.18 x 


IO" 2 


8.42 x 


io-* 


4.44 x 


10" fo 


3.81 x 


IO" 6 


4.45 x 


10" 6 


5.17 x 


IO" 6 


3.89 x 


T0 _fc 


4.99 x 


IO" 6 


4.45 x 


io- fc 


2.13 x 


10" 5 



4.07 x 10 



-3 



3.24 
4.82 



x IO' 1 
x IO" 1 



4.76 x 10" 1 
4,79 x 10" 1 
4.83 x IO" 1 



7.58 x 10 



4.80 x 10 



-i 



-1 



4,12 x 


IO 1 


4.12 x 


10' 


1.08 x 


IO 1 


5.54 x 


10' 


^ RQ v 


in* 


3.05 x 


IO 1 


3.67 x 


10 ! 


3.62 x 


10' 


4.26 x 


IO 1 


4.13 x 


IO 1 


3.46 x 


IO 1 


3.96 x 


10' 


3.77 x 


TO 1 


3.86 x 


IO 1 


3.42 x 


10' 


3.34 x 


w 


3.41 x 


IO 1 


3.77 x 


IO 1 


4.35 x 


10' 


2.77 





4.91 x IO 1 



3.59 x 


IO 1 


3.53 x 


IO 1 


9,06 




3.55 x 


IO 1 


3.56 x 


10* 


1.77 x 


IO 1 



Table G-32. 



Annual Collective Doses from Atmospheric and Liquid Releases; Cumulative Impact 
Without the Cooling Alternatives, in Year 2000 (Person-Rem Per Year) (continued) 



Receptor organ 



SRP 



Facilities 



DWPF 



FMF 



FPF : 



Vogtle 1 



Total 

from all 

faci 1 i ties 



o 
I 



ST Wall 


3.24 


X 


10 1 


6,83 


SI Wall 


3.53 


X 


IO 1 


6.50 


ULI Wall 


3.42 


X 


10 1 


6.56 


LLI Wall 


3.81 


X 


10 1 


6.62 


Kidneys 


3.26 


X 


10 1 


6.52 


Liver 


3.24 


X 


10 1 


6.52 


Pancreas 


3.24 


X 


10 1 


6.52 


Spleen 


3.24 


X 


10 1 


6.52 


Thymus 


3.24 


X 


10 1 


6.50 


Uterus 


3.24 


X 


10 1 


6.50 


Adrenal s 


3.24 


X 


10 1 


6.50 


Bladder Wall 


3.24 


X 


10 1 


6.50 


Skin 


3.24 


X 


10 1 


6.50 


Remainder 


2.94 






9.41 


E.W.B.D. 


3.09 


X 


10 1 


5.42 



Gonads 
Breast 
R. Marrow 
Lungs 
Thyroid 
Bone Surface 
ST Wall 
SI Wall 
ULI Wall 
LLI Wall 





LIQUID (continued) 


x 10" 1 


6.12 


x 


io-' 


x 10" 1 


4.01 


x 


10"' 


x 10" 1 


2,16 


X 


10" 1 


x 10" 1 


6,63 


X 


10"' 


x 10 _1 


2.57 


X 


IO' 1 


x 10" 1 


5,13 


X 


10"' 


x 10" 1 


6,10 


X 


10"' 


x 10 _1 


6,02 


X 


10" 


x JO -1 


6,49 


X 


io- ; 


x IO" 1 


3.86 


X 


IO' 7 


x 1(T 1 


9.15 


X 


10"' 


x 1Q _1 


5.06 


X 


10"' 


x IO" 1 


3.05 


X 


10" 5 


x 10"* 








x IO" 1 


9.21 


X 


IO" 2 



COMBINED ATMOSPHERIC AND LIQUID 



3.31 x 


IO 1 


3.60 x 


IO 1 


3.51 x 


IO 1 


3.95 x 


IO 1 


3.35 x 


IO 1 


3.31 x 


IO 1 


3.31 x 


IO 1 


3.31 x 


10' 


3.31 x 


IO 1 


3.31 x 


IO 1 


3.31 x 


IO 1 


3.31 x 


IO 1 


3.31 x 


IO 1 


2.94 




3.15 x 


IO 1 


7.71 x 


IO 1 


7.66 x 


IO 1 


1.99 x 


10 T 


9.09 x 


IO 1 


3.95 x 


IO 2 


4.81 x 


IO 1 


6.98 x 


IO 1 


7.22 x 


IO 1 


7.77 x 


IO 1 


8.07 x 


IO 1 



Table G-32. Annual Collective Doses from Atmospheric and Liquid Releases; Cumulative Impact 
Without the Cooling Alternatives, in Year ZOOO (Person-Rem Per Year) (continued) 

Faci 1 ities 

Total 

from all 
Receptor organ SRP OWPF FMF FPF a Vogtle b facilities 



COMBINED ATKOSPHERIC AND LIQUID (continued) 



1/ : J.x-njr- 

J\ I UIICJ 3 

Liver 

Pancreas 

Spleen 

Thymus 

Uterus 
Adrenals 
Bladder Wall 
Ski n 
Remai nder 

a 

^ E.W.B.D. 



a. There are no radioactive liquid releases during normal FPF operations 

b. Doses from Georgia Power Company, 1985; liquid dose is "negligible," 



6.82 x TO 1 
7.21 x 10 1 
7.08 x 10 1 
7.17 x 10 1 
6.73 x 10' 

6.65 x 10 1 
6.72 x 10 1 
7.08 x 10 1 

7.66 x 10 1 
5.72 

8,07 x 10' 



L 



Table G-33. 



Effective Whole-Body Doses to the Maximally Exposed 
Individual from Cumulative Atmospheric Releases, 
Comparison of Cooling Alternatives (Millirem per Year) 



Cooling alternative 



Present cooling system 
Once-through cooling towers 

(K- and C-Reactors) 
Recirculating cooling towers 

(K- and C-Reactors) 



Adult 



ias 

1.18 

1.18 



Teen 



1.22 
1.22 

1,22 



Child 



1.08 
1,08 

1.08 



Inf ant 



6,15 x 10" 1 
6. 15 x 1CT 1 



6.15 x 10 



- 1 



Table G-34. 



Effective Whole-Body Doses to the Maximally Exposed 
Individual from Cumulative Liquid Releases to Savannah 
River, Comparison of Cooling Alternatives (Millirem 
per Year) 



Gouling alternative 


Adult 


Teen 


Child 


Infant 


Present cooling system 


2.07 


1.42 


8.60 x 10" 1 


3.29 x 10" 1 


Once-through cooling towers 


2.07 


1.42 


8.60 x 10" 1 


3.29 x 10"' 


(K- and C-Reactors) 










Recirculating cooling towers 


1.88 


1.27 


7.95 x 10"' 


3.27 x 10~ L 


(K- and C-Reactors) 











BC^22 



Table G-35. 



Effective Whole-Body Doses to the Maximally Exposed 
Individual from Cumulative Atmospheric and Liquid Releases, 
Comparison of Cooling Alternatives (Millirem per Year) 



Cooling alternative 



Adult 



Teen 



Child 



Infant 



Present cooling system 3*25 
Once-through cooling towers 3.25 

(K- and C-Reactors) 
Recirculating cooling towers 3.06 

(K- and C-Reactors) 



2.64 
2.64 

2,49 



1.94 

1.94 

1.88 



9.44 x l(T l 
9.44 x 10" 1 



9.42 x 10 



- i 



BC^22 



The BEIR III report identifies three categories of radiation-induced human 

health effpCtS! ("M Pflnrpr. (0\ PP^phlV /ll'cArnOrc an/1 ( 1\ cr-imal-n^ ofP^^i-^ 

other than cancer. The committee believes cancer induction is the most impor- 
tant effect of low-dose radiation. In this context, "low dose" refers to 



G-47 



Table G-36. 



Comparison of 80-Kilometer Collective Dose from Increased Release 
of Tritium to the Atmosphere with Present Cooling Systems: Once- 
Through Coolinc Towers for K— and C— F.eactors and Recirculating 
Cooling Towers for K- and C-Reactors (Psrson-Rem per Year) 



Cooling alternative 



Effective whole body 



Present cooling systems (no action) 
Once-through cooling towers 
Recirculating cooling towers 



4.91 x 10' 
A. 91 x 10' 

4.92 x 10' 



Table G-37. 



Comparison of Collective Dose from Reduced Liquid Releases to 
Savannah River with Present Cooling Systems: Once-Through 

Cooling Towers for K- and C-Reactors and Recirculating 
Cooling Towers for K- and C-Reactors (Person-Rem per Year) 



*-* _ _ 1 .* _-i 



cooling ai teniaiive 



T? £ E *- 1 . ,U „ 1 „ U^.J T t 



BC-22 



Present cooling systems (no action) 
Once-through cooling towers 
Recirculating cooling towers 



3*15 x 10 l 
3-14 x 10 1 
3.03 x 10 1 



Table G™38. 



Comparison of Collective Dose from Increased Atmospheric Releases 
and Reduced Liquid Releases with Present Cooling Systems: Once- 
Through Cooling Towers for K- and C-Reactors and Recirculating 
Cooling Towers for K- and C-Reactors (Person-Rem per Year) 



Cooling alternative 



Effective whole body 



BC-22 



Present cooling systems (no action) 
Once-through cooling towers 
Recirculating cooling towers 



8-07 x 10 1 
8.05 x iO 1 
7*96 x 10 1 



doses as high as a few rads per person per year* Natural background radiation 
ranges from 0.1 to 0.2 rad per person per year. Genetic effects of low- level 
radiation have been well documented and are addressed in detail in the BEIR 
III report. Somatic effects other than cancer include cataract induction and 



fori - i 1 i l-ir 
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human populations does not increase the risk of somatic effects other than 
cancer and developmental changes in unborn children. The report also indi- 
cates that developmental changes in unborn children are probably not caused by- 
radiation at or below natural background levels. For these reasons » only 
cancer and genetic disorders are considered in this analysis. 

Cancer data from the Japanese survivors of atomic bomb blasts are used in most 

vj±. ^ll^ cLLiaj-y oco -Lii. Luc ijij±i\ xij. Lc^ui- Lt rv Hid- J u J. 4UCb liuu duuicsbcu vy t-iit 

BEIR HI report is how to extrapolate the cancer risks observed at the rela- 
tively high dose rates down to the lower dose rates caused by most nuclear 
facilities* The BEIR III report adopted a parametric family of functions to 
complete this extrapolation* The linear model represents an upper limit or 
maximum risk; the linear-quadratic model > an intermediate or probable risk; 
and the quadratic model , a low-limit or minimum risk. These functions have 
been suggested by the report for low linear energy transfer (LET) radiation. 
This type radiation includes gamma and X-radiation and electrons (beta parti- 
cles)* High-LET radiation includes alpha particles encountered in the decay 
of radionuclides in the natural uranium decay chain. The BEIR III report 
states that for High-LET radiation , "the linear hypothesis is less likely to 
lead to over estimates of risk and may, in fact, lead to underestimates*" The 
linear model would, therefore , represent the best estimate for probable risk 
from this type radiation* 

One radiation-induced cancer characteristic is that it takes a long time to 
develop, known as the latent period. Leukemia has a characteristically short 
latent period (less than 25 years ) , while other cancers can have latent peri- 
ods for as long as the life span of an individual. Because only about 35 
years of cancer data have been collected on the survivors of atomic bomb 
blasts, the data do not account for all the cancers that might develop because 
of the bombs' radiation. Two projection models have been developed to account 
for these future cancer deaths: (1) the absolute risk projection model, which 
assumes that the cancer rate (risk per year) observed since the atomic bomb 
blasts will continue throughout the life spans of those exposed; and (2) the 
relative-risk model , which assumes the excess radiation- induced risk is pro- 
portional to the natural incidence of cancer with age. The relative-risk 
model results in cancer— risk estimates greater than those predicted by the 
absolute model* However, the BEIR III report states that the absolute model 
is generally more applicable to most forms of cancer. The cancer-risk esti- 
mates used represent an average of those calculated using the absolute- and 
relative-risk models. 

Only low-LET radiation is associated with the changes of radioactivity 
released to the environment resulting from the implementation of the alter- 
native cooling water systems . For existing operations , the contribution of 
high-LET radiation has been found to be much less than that from low-LET radi- 
ation* 

Health-effects estimators for low-LET radiation were derived for use in esti- 
mating health effects based on an evaluation of the data presented in the BEIR 
III report. The resulting health-effects estimators used in this document are 
summarized in Table G-39- They total 120 fatalities per million person-rem. 
The health-effects estimate for genetic effects used in this document is 257 
genetic effects per million person-rem of radiation, received by the gonads. 
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These health-ef fects estimators are the best estimate of risk based on present 
data. The estimators could vary widely, depending on the models used. The 
low-LET estimators could range from near to as high as 400 per million 
person-rem. For genetic effects » the risk estimator could range from 60 to 
1100 per million person-rem. 



Table G-39. Health Effects Estimators Used in the 

Evaluation of Radiation Health Effects 



Cancer fatalities per million person-rem 



Organ/cancer Low-LET radiation 



c 



Leukemia and Done cancer ZU 

Lung 28 

Liver 6*5 

Kidney and bladder 3.2 

Intestinal tract 5*3 

Thyroid 6.9 

Breast 9*8 

Pancreas 7.9 

Stomach 11 

Ot-h^r 1Q 



Total 120 



a. LET = linear energy transfer. 

b* The arithmetic average of the absolute and relative 
model values has been used. In addition, the linear- 
quadratic model has been assumed. 

c. For multiple organs, the health effects estimators are 
multiplied by the organ that produces the highest col- 
lective organ dose. 
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APPENDIX H 
SCOPING COMMENTS AND RESPONSES 

Pursuant to the National Environmental Policy Act of 1969, the U.S. Department 
of Energy (DOE) announced its intent to prepare an environmental impact state- 
ment (EIS) on cooling water systems for C- and K-Reactors and the D-Area coal- 
fired powerhouse at the Savannah River Plant (SRP) in the Federal Register on 
July 29, 1985 (50 FR 145)* The Notice of Intent solicited comments and sug- 
gestions from interested agencies , organizations, and the general public for 
consideration in preparing the EIS. Comments were received by mail and at a 
scoping meeting held in Aiken, South Carolina, on August 19, 1985. Written 
comments were received until August 31, 1985* 

During the public comment period, 12 individuals , agencies , and organizations 
presented written or oral comments — two individuals provided written comments 
at one of the public scoping meetings and more detailed written comments fol- 
lowing the scoping meetings. Individuals, agencies, and organizations provid- 
ing comments are listed on Table H~l . 

The comments received at the public scoping meeting or in writing during the 
public comment period are presented in Table H-2. Table H-2 also provides 
responses to the comments raised by individuals , agencies , and organizations 
on the scope of the EIS, 

Table H-3 provides a summary listing of the topics contained in the comments, 
with references to the appropriate chapters and sections of the proposed EIS 
outline. 

Copies of the oral statements and scoping letters have been made available for 
public inspection at the DOE Public Reading Room located at the University 
Library, 2nd Floor, University of South Carolina, Aiken Campus, University 
Parkway, Aiken, South Carolina, and the Freedom of Information Reading Room, 
Room 1E-190, Forrestal Building, 1000 Independence Avenue, SW, Washington, DC. 
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Table H-l. Index of Agencies, Organizations, and Individuals 

Submitting Scoping Comments 



Designation Agency, organization, or individual Page 



A Sheppard N. Moore, Chief of NEPA Review Staff for H-3 
Region IV, U.S * Environmental Protection Agency 

B Bart Ruiter, representing the South Carolina Department H~5 
of Health and Environmental Control 

C Mr. W. P. Bebbington H-6 

D Frances Hart, representing the Energy Research Foundation H-10 

E Mr. Karl Herde H-12 

F Ms. Dorcas Elledge H-15 

G Jean Robinson, on behalf of W* F. Lawless H— 16 

H Mr. Sam Schillaci H-19 

I Mr. William McDaniel H-20 

J Zoe G* Tsagos, representing the League of Women Voters in H-2^ 
Northern Beaufort County 

K Roger L. Banks, representing the South Carolina Office of H-26 
the U.S* Department of the Interior, Fish and Wildlife 
Service 

L J. W. Morris H-28 
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Comments 



Relevant to the 
mental and nonen 
news announcemen 
portant. Of the 
cerned wi th pote 
and radionucl ide 
quality, drinkin 
Recommended addi 
groundwater, and 



proposed EIS, EPA believes that the envi ron- 
vironmental issues identified by DOE in their 
t dated July 29th, 1985, for this EIS are im- 

issues listed by DOE, EPA is particularly con- 
ntial wetland impacts, water quality issues, 

effects as well as fishery implications, air 
g water quality, and the cumulative effects, 
tions to the DOE list are passible floodplain, 

noise impacts. 



Since one of our major concerns at EPA is the protection of 
wetlands, we wish to emphasize that any wetland acreage that 
may be lost should be quantified and characterized for each 
action alternative. Avoidance of impacts and mitigation for 
unavoidable, impacts should be addressed for wetlands as well 
other areas. 
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STATEMENT OF MR. SHEPPARD MOORE 

Chief, NEPA Review Staff 
Environmental Protection Agency 
Region IV 
Atlanta, Georgia 

Hy name is Sheppard N, Moore. I'm chief of the NEPA Review 
Staff at Region IV, U.S. Environmental Protection Agency, 
Atlanta, Georgia. We at EPA are pleased to see that the De- 
partment of Energy is preparing an environmental impact state- 
ment as part of the decisionmaking process concerning cooling 
water systems at the Savannah River Plant. EPA has a long- his- 
tory of involvement with environmental matters at SRP, and we 
look forward to working with DOE and the State of South Caro- 
lina during the preparation of this EIS. 



A discussion of impacts associated with floodplain/wetlands , 
groundwater, and noise will be presented in Chapter 4 of the EIS. 
Appendix F will present a wetlands/floodplains assessment pursuant 
to Executive Orders 11988 and 11990, and DOE's regulations for com- 
pliance with floodplain/wetlands environmental review requirements 
(10 CFR 1022}. 



Wetland acreage that will be gained or lost will be quantified 
and characterized for each cool ing water alternative in 
Chapter 4 and Appendix F of the EIS. 
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We appreciate the numerous alternatives considered by DOE for 
the cooling effluent of C- and K-Reactors and the D-Area coal- 
fired power plant. In our view, at least two and preferably 
three feasible action alternatives should be addressed in the 
EIS in similar detail for each facility so that the EIS will be 
a decisionmaking document and a final preferred alternative can 
be selected. Similarly, the no-action alternative should be 
thoroughly addressed. 

r appreciate the opportunity to be here. I guess my main pur- 
pose is to hear what you and the others have to say. Thank 
you. 



Chapter 4 of the EIS will discuss the environmental impacts of 
the reasonable cooling water alternatives for the C-Reactor, 
K-Reactor, and the D-Area coal-fired powerhouse. In addition, 
the no-action alternative will be addressed. 
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ADDITIONAL STATEMENTS OF MR. MOORE 
EVENING PUBLIC SCOPING MEETING 

Since I spoke this morning and gave you a copy of my written 
statement, I won't repeat that, I do want to say for the 
people that are here this evening that were not here this 
morning that I appreciate the opportunity to be here. I want 
to thank you for inviting EPA and the State to participate 
in this meeting. 

I would like to add one thing to what Pat had to say about the 
slide on NEPA. It's true that NEPA requires that the Federal 
decisionmakers factor the environment into their decision- 
making process, but I think the real ly important benefit from 
NEPA is the public involvement. 

I'm a little disappointed at the number of people here tonight, 
and I would like to encourage anyone that is here that has 
something to say that from experience I can say that government 
does listen to what people say. That's what NEPA has done for 

PC us is provided the mechanism for public involvement and how we, 

I the government, carry out their business. 
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STATEMENT OF MR. BART RUITER 
SOUTH CAROLINA DEPARTMENT OF HEALTH AND ENVIRONMENTAL 

CONTROL 

My name is Bart Ruiter, I am with the Department of Health and 
Environmental Control . 

On January 3, 1984, the South Carolina Department of Health and 
Environmental Control entered into a Consent Order with the 
United States Department of Energy Savannah River Plant, This 
Consent Order allowed the Savannah River Plant temperature re- 
quirements in the National Pollutant Discharge Elimination Sys- 
tem (NPOES) permit to be temporarily superseded by those re- 
quirements contained in the Order. Outfalls affected by this 
Order are specifically C-Reactor, P-Reactor, K-Reactor, and 
D-Area powerhouse. 



In this Consent Order, 
sive studies on the the 
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, one, complete comprehen- 
of all operations at the 

of the State of South 
he thermal mitigation stud- 
e signing of the Consent 
ive approved by DHEC under 

in a subsequent order; and 
propriate funding requests 
from the thermal studies- 



To date, we are currently near completion in establishing an 
implementation schedule under an amendment to the Consent Order 
with SRP which takes into account the National Environmental 
Policy Act process. 

As SRP proceeds through this NEPA process and eventually se- 
lects a final alternative for the mitigation of thermal re- 
strictions on the above outfalls, the selected alternatives for 
C-Reactor, K-Reactor, P-Reactar, and D-Area powerhouse must 
meet the specified limitations of the NPDES permit and/or tem- 
perature limits that are consistent with the requirements or 
intent of the Clean Water Act and the South Carolina Water 
Classifications and Standards. 
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The ability of each of the cooling water alternatives considered in 
the EIS to meet applicable regulatory requirements will be discussed 
i n Chapters 2 and A. 



Thank you for allowing the Department to express its comments. 
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STATEMENT OF MR- W. P. BEBBINGTON 

I have submitted a letter containing more specific comments Comments noted 
than 1 intend to make here. I wish, now, to direct the atten- 

t mil u I Lilt? duu i ciLi.t; ai iu liic uliici p»' tn,ifnmi3 •* v ju»ic im- 
portant general facts regarding the Savannah River Plant and 
its history. 

The 200,000-acre site was purchased with taxpayers' money in . 
1950 to ensure that the public would be adequately protected 
from possible harm from the nuclear operations within the site 
and that there would be adequate protection of the operations 
agai nst incursi ons. 

It was recognized at the outset that, while the operators could 
and would be expected to hold releases of radioactive and other 
undesirable wastes to levels that were as low as practical, 
very large amounts of heat would necessarily be discharged from 
the reactors. The heat would be released as heated water, and 
the Savannah River had to be protected against biological dam- 
age from it. By placing the reactors near the center of the 
K site and allowing the water to flow to the river through the 

I beds of existing small streams* the temperature of the water, 

^ when it entered the river, would be low enough to preclude 

damage. 

To verify that there was no thermal damage to the river, Or. 
Ruth Patrick and her team of limnologists from the Academy of 
Natural Sciences of Philadelphia were commissioned to determine 
exactly and comprehensively the condition of the river before 
plant startup and to monitor it carefully for changes whi^e the 
plant operated. Dr. Patrick has stated repeatedly and unequiv- 
ocally that thermal effluents from SRP have had no adverse ef- 
fects on the river. 

The streams that carry reactor cooling water to the river are 
small, rise on the site, and have no significant economic, rec- 
reational, or unique ecological values. The hot water has de- 
stroyed vegetation and discouraged animal life; but, as was 
demonstrated in Steel Creek after L-Reactor was shut down, the 
damage is not permanent. 

Most of the land of the site is outside the restricted produc- 
tion areas. This land has not been neglected and allowed to 
deteriorate. Hundreds of millions of trees were planted and 
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managed as a productive forest. The University of Georgia es- 
tablished there a field laboratory of ecology under the overall 
direction of Dr. Eugene P. Odum, one of the nation's most re- 
vered ecologists. Later, the site was designated as the first 
National Environmental Research Park. It has attracted stu- 
dents and faculty from many universities for summer and longer 
residences. A former director of the Savannah River Ecology 
Laboratory said, "If it hadn't been for AEC support, there 
wouldn't be a science of ecology." The well-protected site has 
become an important wildlife refuge. 

After three decades of plant operation without public harm and 
with great ecological benefit, the State of South Carolina has 
i ntruded wi th costly, unnecessary, and i ndeed envi ronmental 1 y 
detrimental demands that can be met only at great public ex- 
pense at a time when there is a terribly urgent need to reduce 
the federal deficit. 

The cost of the L-Reactor lake project will not be 25 or 40 
million dollars but, when delay times and productivity losses 
are taken into account, in the hundreds of millions of dol- 
tc lars. The reactor will never again operate as efficiently as 

' it once did because the State has demanded that the cooling 

lake not be treated as such but as a natural recreational 
Vake. This hearing is the beginning of proceedings aimed at 
applying to C- and ft-Reactors and to the D-Area coal-fired 
powerhouse similarly costly and unnecessary changes. 




Thank you very much 



Table tt-2. Scoping Comments and DOE Responses 



Comment 

number Comments Responses 



LETTER FROM MR. W. 6. BEBBINGTON 

Thank you for the opportunity to comment on the "Scoping of an Comments noted 
Environmental Impact Statement on cooling-water systems at the 
Savannah River Plant." 

It should be recognized at the outset that the important issues 
under consideration, here, are political and bureaucratic no_l 
environmental. There is, in the document [6450-01] that de- 
fines the purpose of the August 19 public meeting, no reference 
to past, present or potential future harm to the environment 
surrounding SRP caused by operations within it. The absence of 
such harmful effects has been documented in public reports of 
comprehensive routine and special scientific monitoring over 
the past quarter century of the plant's existence. 

In 1950 about 200,000 acres of land was purchased by the United 
States government on which to build the Savannah River Plant. 
The large site was acquired to provide isolation of the produc- 
tion facilities and to ensure that those facilities would not 
harmful ly affect surrounding private lands, and most impor= 
^ tantly, not damage biologically the Savannah River. Accord- 

Oo irigly, the facilities of greatest environmental concern, the 

reactors and separations plants, were sited near the center 
of the plant, several miles from the river and the boundary 
fences. The channels of insignificant streams that rise within 
the plant, streams that -were not then, are not now, will not be 
in the future of any economic, recreational or unique ecologi- 
cal importance, were used to convey reactor cooling water to 
the river. The river was seen to be the most important natural 
_^.-~..*,frt th^t minht ha wuinorahlp tn harm Rnii the Acad em V f 
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Natural Sciences of Philadelphia under the direction of the 
eminent Limnologist, Dr. Ruth Patrick, was commissioned in 
1951, years before plant startup, to monitor comprehensively 
the biological condition of the river. The work of ANSP con- 
tinues, today, and Dr. Patrick has repeatedly and unequivocally 
stated that there has been no biological damage from the ther- 
mal effluents of SRP. Vegetation in the streambeds was dam- 
aged, to be sure, but not irrevocably as was shown by the re- 
covery of Steele Creek during the years that L-Reactor was shut 
down. 

The matters with which we are now concerned stem from the 
actions taken to refurbish and restart L-Reactor at SRP as 
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authorized by Congress in 1980. Operation of the reactor was de- 
clared necessary by October 1983 to met the needs of national 
defense. The Department of Energy was obliged to meet this 
goal. The reactor was rehabilitated and brought up to the 
technological state of the other operating reactors with the 
intent to operate it as it had operated for fourteen years, 
previously, and as two other reactors* K and C, were continuing 
to operate. Near the end of 1982 » anti-nuclear activist groups 
abetted by State officials instigated a succession of delays 
and ultimately, through a bit of Congressional trickery, the 
requirement that the cooling water from L-Reactor be passed 
through a new 1000-acre lake enroute to the Savannah River, 
Ostensibly, this lake was to forestall damage to "wetlands;" in 
fact it will permanently inundate most of the area of concern 
and destroy much productive forest in addition. The direct 
cost of the lake was to have beeri $25 million, but has risen to 
$40 million. The overall addition to the national deficit and 
cost to the taxpayers, taking into account delays, interest 
charges and permanent product i vi ty losses will be in the hun- 
dreds of millions of dollars, with, on balance, a detrimental 
envi ronmental effect . If the reactor starts up in October, as 
is now hoped, it will have been delayed two years. 

With regard to C and K reactors and the D-Area coal-fired power 
house, we are now at the point where the L-Reactor fiasco began 
more than three years ago. No existing environmental harm is 
alleged, only the need to comply with a "Consent Order" dated 
January 3, 1984, three decades after the beginning of safe, ef- 
ficient and environmentally harmless operation of SRP. We tax- 
payers need to be protected against the squandering of more 
hundreds of millions of dollars merely to enhance the egos or 
further the special interests of politicians and activists. 

It is stated on page 7 of the notice of this meeting that, "As 
required by the Council on Environmental Quality regulations 
for implementing the National Environmental Policy Act, the EIS 
will also consider 'no action'." I urge that i( no action" be 
given first consideration and that the matter be shelved with- 
out even the preparation of another redundant, unnecessary and 
costly Envi ronmental Impact Statement . 
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STATEMENT OF MS. FRANCES HART 
ENERGY RESEARCH FOUNDATION 

I am Frances Hart, and I represent the Energy Research Founda- 
tion. We appreciate the opportunity to address this hearing on 
the subject of the scope of the proposed environmental impact 
statement concerning cooling water systems for thermal dis- 
charges from the C- and K-Reactors and from the D-Area coal- 
f i red power plant . 

The issue of environmental impacts of cooling water systems at 
SRP was discussed and analyzed at length as part of this NPDES 
permit reissuance process which began in 1982 and during the 
L-Reactor EIS process. 

A permit demanding compliance of the Clean Water Act require- 
ments was issued by DHEC for SRP's operating reactors in 
January of 1984, along with the Consent Order allowing the 
continuation of direct discharge of cooling water for an un- 
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study of the impacts of thermal discharges and recommend alter- 
native systems which would comply with the Clean Water Act. 

i — * 

O Nearly a year ago, in October of 1984, DOE published this 

report called "Thermal Mitigation Study, Compliance with the 
Federal and South Carolina Water Quality Standards," which 
analyzed various cooling water options. We reviewed that 
report and believe that recirculating mechanical draft cooling 
towers and once-through mechanical draft cooling towers with 
holding pono 1 systems — these are alternatives C-4, C-5, K.-S, 
and K-6 -■ would be acceptable for C- and K-Reactors. Although 
DOE is required to analyze all reasonable options during the 
EIS process, we would urge that any option chosen provide at 
least as much environmental protection as do these options. 

It may not have been clear as early as 1981, when these origi- 
nal NPDES permits for the operating reactors at SRP expired, 
that new cooling water systems would have to be installed. But 
this necessity must have become obvious soon thereafter when 
neaotiations with DHEC over new permits began, and South Caro- 
lina's Attorney General ruled that SRP's streams were part of 
the state. 



Table H-2. Scoping Comments and 00E Responses 



Comment 
number 



0-1 



D-2 



I 



Comments 



Responses 



It is unfortunate that the EIS process was not begun at that 
time and that these years have passed without implementation of 
some sort of mitigation. Beginning the EIS process now has the 
obvious side effect of delaying still further the long-awaited 
cooling systems. We believe that complying with the National 
Environmental Policy Act is a valuable objective and, there- 
fore 4 that the delay is perhaps warranted, even at this late 
date. 

However, because it seems unlikely that substantive new in for- 
mation wiH be generated during further study of possible al- 
ternatives beyond that already offered in the L-Reactor EIS and 
NPDES comments, we would urge that the preparation of this par- 
ticular environmental impact statement be expedited as much as 
is possible within the law, given the substantial information 
and public comments already generated in these other related 
processes. 

The EIS is designed to play an integral role in the decision- 
making process, a role which cannot be very meaningful after 
the fact. Hopefully, DOE will initiate the EIS process at the 
beginning of future projects as the law requires, rather than 
after extensive study has taken place and time has elapsed, to 
ensure that the process itself can be meaningful and that 
timely compliance with other legal requirements will be 
possi ble. 



The Department of Energy will expedite the preparation of the EIS 
to the extent permitted by its regulations for implementing the 
procedural provisions of the National Environmental Policy Act. 
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Thank you. 
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STATEMENT OF MR, KARL MERGE 



I am retired from the Atomic Energy Commission. I retired five 
years ago. I came here in 1951 as the first environmentalist 
for the Atomic Energy Commission, I served 23 years in that 
capacity; and, during that time, the emphasis always with the 
Atomic Energy Commission was with regard to the taxpayers' 
dol lars. 

As a guardian of the taxpayers' dollars and a taxpayer myself, 
a^ong with the few hundred million other taxpayers, I would 
like to say that we have had enough. The costs are just 
unjusti fieri. 

I am also a member of the Antique Automobile Association of 
America. We have a motto there for antique cars: If they are 
not broke, don't fix them. 

Experience has proven that there is nothing wrong with t--e way 
the reactors have been operated out there at the Savannah River 
Plant. I want to completely endorse my friend Mr. Bebbington 
*F on what he just said in the second talk ahead of this one. 

ro I'm an environmental biologist by training and experience. I 

started my biological work with the Atomic Energy Commission 
back actually with Du Pont at the Hanford Plant in the State of 
Washington. There, I was a group leader in environment^ biol- 
ogy for five years before coming here. When I came here, I 
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me the indoctrination that we ar& guardians of the taxpayers 
dol lars. 

We are to see that every dollar spent of government money is to 
get just as much value out of it as if it were our own dol- 
lars. That theory still should exist. I'm afraid it doesn't. 
We are willing to help build up the deficit by requiring costs 
that are unjustified. 

Earlier, we built nine big plants and completed the plants 
roughly in a square-mile area for less than 3 billion dollars. 
We have not come close to that now. Our liaison negotiations 
with the contractor, the Du Pont Company, were every thousand 
dollars that we could save was a thousand dollars earned for 
the government. Every $100,000 was that much more. 
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As an environmentalist, we look toward saving dollars. I still 
think that that should be the utmost concern in the plan and 
method of our Department of Energy. 

I have my reservations, but I think I should make this state- 
ment. I actually hope that our Congressmen are smart enough 
that they won't allow this expenditure. I know that the plant 
needs to go on and I know, from a biology standpoint, we need 
to be safe; but I'm an environmentalist. I am not a lobbyist. 
I am not an activist, but I certainly want the environment to 
be kept intact. 

Our authority back in the early days was respected authority. 
The three main authorities we had were the Reactor Safeguard 
Committee, the National Academy of Science, and the Interna- 
tional Commission on Radiation Protection. We met the stand- 
ards of those three organizations. We were doing a good job. 
Those three organizations are all made up of men of prestige. 
There were not would-be environmentalists, self-made environ- 
mentalists, in the group. They were all college-trained and 
college-experienced people, and those three organizations 
I guided our destiny and guided well. 

<-° Using our minor tributaries and streams was regarded by people 

who were looking after the taxpayers' dollars as good business, 
as good logic, as good empirical use of the streams. Our em- 
pirical experience over the past 30 years has proven that 
theory to be right. It's just as right now as it ever was. 

The streams have adjusted to the higher temperature, and to 
change them now is rather futile. One thing about the stream, 
though, a stream has its own capacity to restore itself. 

It doesn't need the restoration, the decontamination, and so 
forth that a cooling tower is going to take. A cooling tower 
can become a sight in the environment. 

I would like for some of you to take a trip up on the upper 
part of the Ohio River up in the region of West Virginia and 
Pennsylvania. Look along that river. There are a bunch of 
old, rusty monsters, towers, cooling towers, that have been 
completely abandoned and have been left there to become a part 
of the environment. I don't like that kind of an environment. 
I don't want to see that kind of envi ronment on our Savannah 
River. 
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I think we know that our streams will clean up themselves and 
will become fertile and productive biological streams within 
two or three years. In a very few years, a stream will produce 
good fishing again without any effort on the part of man. All 
he has to do is let mother nature take over. 

I want to say the pond costs us 40 million dollars and is kill- 
ing off every species, every plant and animal species, of that 
thousand acres of land to save or maybe better the environment 
of one or two individual species. If that makes sense, I'm 
crazy. 

E-l Now, the cooling towers will be the same thing. You wiU ruin Chapters 2 and Chapter 4 of the EIS present and discuss both adverse 
more of the environment than you will correct by installing the and beneficial impacts of the cooling water alternatives considered, 
cool ing towers. 

So let's hope that our Congress takes the right action on that, 
and I think it should be up to Congress or a bill to be 
presented to our courts. 



i 
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STATEMENT OF MS- DORCAS ELLEDGE 

I appreciate the opportunity to say a few words to you, I have 
been to many of the meetings concerning the L-Reactor and read 
as much as 1 could understand of the books relating to that. 

I still compliment the Department of Energy for doing something 
about the L-Reactor, a better way than putting scalding water 
in a stream that would have destroyed life. I don't know the 
best way. I'm not an engineer, as I've said before. 

I don't know the best way to cool the water and to restore life 
to these streams that have been killed by the scalding waters 
from the reactors now in operation. 6ut I do feel that it is 
an obligation of the Department of Energy and any governmental 
agency to protect life as we know it on earth. 

To do less and to do nothing in this case will eventually af- 
fect our life, and it mi ght wel 1 put South Ca rolinians and 
Georgians and anyone else visiting this state on the endangered 
species list. 

I do feel that South Carolina citizens and Georgians and all 
those affected by the operation of the Savannah River Plant 
deserve protection, equal protection, with all citizens in the 
United States. 

I believe we make nuclear weapons to protect our safety. I 
believe the obligation also in the making of them is paramount 
with the United States Government. 

And I do urge you to pick the best solution to the problem that 
DHEC has required of you. To do nothing doesn't sound like a 
solution to me, and that is one of the alternatives. 



The consideration in the EI 3 of "No Action" is required pursuant 
to regulations of the Council on Environmental Quality for implemen- 
ting the procedural provisions of the National Environmental Policy 
Act (40 CFR 1500-1508). 



And I thank you very much. 
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STATEMENT OF MS. JEAN ROBINSON 
ON BEHALF OF W. f. LAWLESS 



My name is Jean Robinson. I'm presenting a statement for 
Professor W. F. Lawless who had to be out of town at this 
time. Professor Lawless is at Paine College in Augusta, 
Georgia, The statement is entitled Scoping Comments on SRP 



LoOiiny Hater Systems E IS. 



General Comments 



To proceed with some general comments, the Department of Energy 
should be commended for asking for public scoping comments on 
the proposed Savannah River Plant cooling water systems envi- 
ronmental impact statement. Compared to the recent public 
imbroglio between the South Carolina DHEC and SRP, wherein DHEC 
had cited SRP for groundwater violations, and as well to past 
fftuanms nf <^PP ronnrt-*; hu the Deoartment of Enerav. it's al- 
ways refreshing to have government business conducted in the 
open. However, as important as this is, it can be signifi- 
cantly improved. 

The public does not have the technical capability nor the time 
to adequately explore nor keep track of the rather abstruse 
scientific studies of the environmental interactions and alter- 
natives explored in this new environmental impact statement. 
That the public knows of, there are two such SRP environmental 
imoact statements now underway. 



A publ i cl y funded peer 
using regional scientif 
safeguarding the public 
their nature as politic 
than enough administrat 
an independent peer rev 
scientific reports and 
that escapes bureaucrac 
the necessity of anothe 
that now being spent to 
fiasco, such a peer rev 
talented participants. 



review committee should be created, 
ic and political talent, as a means of 
■s interest. Both DHEC and DOE, by 
al bureaucratic institutions, have more 
ive chores to worry about as it is, and 
iew panel would appropriately monitor 
construction projects with the rigor 
ies. If a peer review panel prevents 
r 60-mi 1 1 ion-dollar clean-up similar to 
clean up the M-Area seepage basin 
iew panel could easily afford to attract 



The public deserves more than playing DHEC against DOE to pro- 
tect its interests and the environment. As the technological 
stakes increase, an independent scientific peer review panel 



Responses 



As required by the regulations of the Council on Environmental 
Quality {40 CFR 1502.19), copies of the draft EIS will be provided 
to Federal and State agencies having special expertise with re- 
spect to any environmental impact that might be involved- 



Lf 
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for the Savannah River Plant will add flexibility, improve 
technological solutions, and reduce the opportunity for en- 
vi ranmental impacts, mistakes, and inepti tude. Thi s technique 
has worked well with the NASA bureaucracy, and landed Americans 
on the moon. On the other hand, without peer review panels, 
the SRP has given us not only the M-Area seepage basin, but 67 
other seepage basins at the Plant as well. 

Soeci fie Comments 

1. The DOE has not yet responded to information provided at the 
last Public Scoping Meeting on the reported statistically signi- 
ficant differences between strontium-90 concentrations found in 
milk around the SRP plant compared to the Southeastern average 
concentration of strontium-90 in milk. 

2. The new EI 5 should consider treatment of the cooling water 
before it is released back to the environment. 



3. Water quality analyses of water released into the environ- 
ment from C- and K-Reactors and the D-Area coal-fired power 
plant should be published and compared to EPA drinking water 
standards. The O-Area basin overflow and outfall water 
quality characteristics should also be provided. 

4. The D-Area power plant air quality at the release point 
from its cooling tower should be included in the new EI S . 

5. P-Reactor effluent, that is, thermal, water quality, air 
stream quality characteristics should be included in the new 
EIS. Also, a biological community comparison to Par Pond with 
a comparable sized pond to Par Pond should be made and in- 
cluded. An aquifer water quality analysis of water under Par 
Pond should be made and included in the proposed EIS, 

6. The South Carolina DHEC and DOE March 198S agreement 
suggests the continued use of a raw water basin at the D-Area 
power plant. The advantages of having a lined basin and an 
unlined basin, as well as RCRA compliance, should be discussed 
in the new EIS for this basin and for the ponds at C- and 
K-Reactors. 



Responses to comments received during the scoping period for 
the preparation of the environmental impact statement on 
waste management activities for groundwater protection will be 
included in that envi ronmental impact statement . 



The effluent from the cooling systems considered in the EIS will 
meet the State of South Carolina's Class B water classification 
standards. The effluent is expected to be similar to the water 
quality of the Savannah River, and other than for reduction of 
temperature, treatment of the cooling water will not be required 

Water quality impacts of the alternatives will be assessed in 
Chapter 4 of the EIS. 



Air quality impacts of the alternatives for the D-Area powerhouse 
will be described in Chapter 4 of the EIS. 

A discussion of P-Reactor effluent and Par Pond is not within 

the scope of this EIS, as discussed in the Federal Register notice 

announcing the preparation of the EIS. 



The use of the raw water basin at the D-Area powerhouse does not 
involve hazardous waste; therefore, a discussion of having lined 
basins and compliance with RCRA is not an appropriate topic for 
inclusion in the EIS. 
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7. Water quality characteristics of the cooling water at 
its source should be provided. Coolant waste system diagrams 
and effluent system diagrams should be provided. Well con- 
struction and closure information as necessary should be 



ftrnu i rlori 



Chapter 3 of the EIS will describe the existing surface-water 
hydrology and water quality of the streams that would be affected 
by the alternative cooling water systems. Also see the response 
to comment G-3. If well closures should be required due to 
const ructi on of the alternative cool i nn water systems , the cl osu r6 
wells will be discussed in the EIS. 



G-9 8. Cooling water tower effluent characteristics at the release 
poi nt should be provided . 

G-10 9. All mathematical models should be detailed, statistical tech- 
niques discussed, and validation of all models, equations, or 
techniques discussed. 

Thank you very much. That concludes his statement. And he 
wanted to let you know that he would be glad to submit a final 
copy by the 31st but wishes to make you copies of this because 
of some typographical errors . 



See the response to comment G-3, 



Appendix B of the EIS and its referenced documents will discuss 
the models, assumptions, and validation of models used in the 
preparation of the EtS. ' 
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ADDITIONAL COMMENTS CONTAINED IN LETTER FROM 
W. F. LAWLESS DATED AUGUST 29, 1985 



G-ll No- 10, Airborne releases, including levels of dioxin, from the 
Beta-Gamma Incinerator (SGI} at the point of release should be 
quantified and reported. Provide calculated and actual release 
data, from the point of release , for each waste category, 
matching the BGI incinerator burn loads to normalize the pre- 
dicted with actual data. 

G-12 No. 11, The two high level radioactive waste (HLW) corrosion 
pitting reports (L-Reactor EIS, p. M 113-114) did not discuss 
corrosion pitting in HLW tanks 25-28, These 4 KLW tanks were 
not treated for corrosion pitting as were HLW tanks 38-51, 

*-i*yr~n Ul U 4-^.h.Lct 9R_9fl w£. m a 1 .- a a H u i-aH l nar ¥ i va whan fr hfi r n i~— 

i I IJLC <H_rT lOMIt-) i_ _r — *_u »rt i *; u ■ r b uu j ivutw^wiT*. "'n.'i wh- — w - 

rosion pitting was discovered in the 14 HLW tanks completed 
later. Provide a corrosion pitting status report on HLW tanks 
25-28 performance, and compare to the last 14 HLW tanks at SRP 
(tanks 38-51) that went into radioactive waste service after 
remedial action. for corrosion pitting. 



A discussion of airborne releases from the Beta-Gamma Incinerator 



is outside the btope of this EIS 



A discussion of high-level waste is outside the scope of this EIS 
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STATEMENT OF MR. SAM SCHILLACI 

tudying the Savannah River Plant for a long time-, 
t a good plan for its survival. I'm a former em- 

wi th ten years of service with the Department of 
had some mental problems because of stress, so the 
"retired me." The stress was brought on because I 

all the waste, fraud, and abuse out there. But 

me in a hurry. For six months after they dumped me 
out a salary or any means of support, I had a lot 
think, do things I've never done before, drinka 

which I thoroughly enjoy, even though my grammar 
t. 



Now, my plan 
leted) plan 
all the gove 
prise, momen 
or salary. 
They could g 
the end of t 
little less 
haven ■ t done 
those cool in 
Let them thi 
do that, I t 
same thing. 
1929 all ove 



for DOE is simple. It's the same (expletive de- 
I had. Set all the DOE employees, and hopefully 
rnment employees, free at a certain, hopefully sur- 
t. They all go home for five months without leave 
They could think, read, do anything they want to. 
rind and gnash their teeth if they want to. And at 
he five-month period — notice that I give them a 
time than I had; I'm lenient — the ones that 

themselves in could come back and determine if 
g ponds or whatever is needed out there at SRP. 
nk a little more. Now, if the government employees 
hink the whole public sector would probably do the 

Just think of all the fun that we could have, 
r again. 



Mr. Herde, you probably remember him. That's probably why he 
has grayer hair and his voice has a little more common sense in 
his tone of voice. And just think of all the neat movie stuff 
of 1929. Back to the future. 

Anyway, I'm not anti or pro nuclear or anything; I'm just pro 
myself, pro my God, which is different from your God, and a 
survivor. I hope more become self-reliant, learn to fight 
rather than this (expletive deleted) love we have now, and 
learn that the best plan is no plan. I will also shut up my 
mouth for a half million dollars, passage to New Zealand, and 
permanent silence to the Will Rogers Institute. 

After five months I hope the hot water is used for enemas for 
anybody who wants it. Thank you. 



Comments noted 
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STATEMENT OF MR. WILLIAM McDANIEL 

I have no written speech with me, but I do have a part of a 
tape that I would like to play. Of course, you can have a copy 
of the tape. 

I think you are escalating out of control as far as reactors 
are concerned. This has very little bearing, I realize this, 
on the coolant system that you have here as far as water going 
back into the creeks and rivers and so on. I would like to 
play as much of this tape as I can. I appreciate this 
opportuni ty . 

(Mr. McDaniel began playing the tape.) 

Forbes, the magazine that calls itself a capitalist tool, last 
month proclaimed on its cover the failure of the U.S. Nuclear 
Power program ranked as the largest managerial disaster in bus- 
iness history. Forbes pointed out that we spent more on nu- 
clear power than we did on the space program or the Vietnam 
War, and the magazine says, "Only the blind or the biased can 
now think that most of the money has been well spent," 

Well, that's something that Amory and Hunter Lovins have been 

saying for years. They are husband and wife who put their 

energies together to create a vision of a non-nuclear energy 
future. 



Responses 



"Who would have guessed that a beer-drinking, country-music- 
loving cowboy wou^d team up with a scrawny, four-eyed, 
physicist?" 

The physicist and the cowboy, she is also a lawyer and politi- 
cal scientist, were married in 1979. They began traveling 
around the world, as Amory says, "Cross-pollinating the energy 
grapevine.* 1 They wrote books and consulted for governments and 
uuSi n esses 



They contend that the new nuclear plants will turn out more 
electricity than we really need at a cost no one can afford and 
that the money the utility companies spend on those plants 
would be better spent on helping the country become more 
energy-efficient. In other words, use the money to help make 
homes, factories, and office buildings do the same work with 
less energy. Then everybody is a winner. The answer can be as 
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simple as installing better windows, designing better buildings 
and appl iances. 

At their home and research institute in Old Snowmass, Colorado, 
Amory and Hunter Lovins live their state-of-the-art ideas for 
saving energy. They built a 4 ,000-square-foot home, office, 
and indoor farm that takes the simple idea of a solar green- 
house and makes use of it on a grand scale. The 16-inch-thi ck 
curving walls provide more insulation than most people's 
roofs. The Lovins moved into the still-unfinished structure in 
January 1984. Soon after, they published a visitors 1 guide. 
More than 2600 people from around the world have to come to see 
thei r house. 

"This is the space we donate as the headquarters of our non- 
profit group, Rocky Mountain Institute, where we and about a 
dozen colleagues try to foster the official use of resources. M 

Amory and Hunter Lovins use electricity for those things it 
does best. "Using nuclear power to heat a house," Amory Lovins 
has said, "is like cutting butter with a chain saw." "Passive 
solar design, even at an altitude of 7100 feet in the Rocky 
Mountains, allows the Lovins to heat with sunlight year-round. 

"This is the greenhouse?" 

"No. This is basically the furnace of the house. These win- 
dows are, I think, the most advanced in commercial use any- 
where. They insulate twice as well as typical shades and cost 
less. There is an invisibly thin film of plastic with special 
high-tech coatings on it which let the light in but don't let 
the heat get out, and then we fill up the space around that 
heat-mirror form with argon gas which insulates better than 
air." 

"Design with nature," say the Lovins* who would have built dif- 
ferently in a different climate; but some of their basic design 
elements are just common sense. If you insulate more, you have 
to heat or cool less. 

"There is about yea much polyurethane foam up on the roof, and 
there is 4 inches of it in the middle of the walls. Just 
(knocking sound) like that, and the house is also darn near 
airtight. We then laid it through what are called air-to-air 
heat exchangers." 
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Comments 



In all over the house, they have energy-efficient light bulbs- 

"It's an 18-watt bulb that screws into a regular socket and 
gives the same amount of light as a regular 75-watt bulb, so 
it's four times as efficient, lasts about thirteen times as 
long, and I think gives better light. It isn't a fluorescent 
folded up in there. " 

The bulbs currently retail for $18 to $25 each. They are just 
coming onto the American market- Levins' critics say that the 
bulbs are too expensive, won't fit in many home lighting fix- 
tures, and are better for commercial lighting because they 
don't give full light instantly. Lovins also sees the benefits 
of commercial use, but he is not bothered by the warm-up time. 
He believes the price will come down and that the fixture 

ft rnhl omr i_i ^ "1 1 W /-. cnl un^ 
J" uu" tm? in|i| uc" J-iJi'CU* 

(Mr. McDaniel stopped playing the tape} 

['ma member of two different groups, ecology groups. 
Of course, I'm a public citizen. The point I'm trying to get 
across is that, as I have stated here when I first came up 
here, things, in my opinion, are escalating out of proportion- 
Sometimes I think we should try to go back and erase the board 
and start all over, but then that cannot be done, 

I am still opposed to any type of radiation in regards to how 
high a level or how low a level it is, and I know we have cer- 
tain amounts of radiation naturally. I think we have 82 per- 
cent of the oxygen that comes out of the Amazon Rivers in the 
New Guinea. But you add radiation onto x-rays that a person 
has had and nature itself, and then you are doubling and trip- 
ling it. 

The thing that bothers me most, which I see from research, is 
it*s a mortality. ¥ou know the group I'm with. This is a 
research committee. Tt's a citiiens 1 committee, and now we 
have taken a survey on mortality and cancer. I was so shocked 
when it went through my neighborhood. At least one or both 
people have died from cancer of some sort or the other, and the 
people around us are dying. I live on 2910 Carolina Avenue, 
Other members of this same group — 
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A discussion of the existing radiation environment at and in 
the Savannah River Plant Region will be presented in Chapter 
3 of the EIS. Chapter 4 of the EIS will discuss the radiologi 
cal impacts of the cooling water alternatives considered. 



t 



Comment 
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STATEMENT OF ZOE G- TSAGOS 
LEAGUE OF WOMEN VOTERS OF NORTHERN BEAUFORT COUNTY 
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The League of Women Voters of Northern Beaufort Count u 
ates this opportunity to participate, by our comments, in the 
preparation of an EIS on the type of cooling-water systems to 
be used for the C- and K- Reactors and the D-Area coal-fired 
power plant at the SRP. 



It is our understanding 
Discharge Elimination Sy 
for SRP by SCDHEC in Jan 
visions rests upon the i 
envi ronmental impact of 
tioned reactors and powe 
proposed to mitigate the 
cooling systems so that 
tained before it reaches 



that a conditional National Pollutant 
stem (NPDES) permit was issued to DOE 
uary 1984. Compliance with NPDES pro- 
ssuance of an EIS which will note the 
thermal discharges from the above men- 
r plant and will outline the means 

high temperature flow by the use of 
the 90"F required by law can be at- 

the Savannah River. 



Inasmuch as 
the "Intent 
ment [6450-0 
cool i ng wate 
K-Reactors" 
flPDES provis 
that DOE and 
ronmental ly 
di ted EIS wi 
time. 



SCDHEC, ace 
to Prepare 
1 ] whi ch we 
r system of 
or "reci rcu 
ions, we su 
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to the DOE statement on page 5 of 
i ronmental Impact Statement" docu- 
received, has accepted either a 
-through cooling towers for C- and 

cooling towers 1 ' as satisfying 
this SCDHEC position. We hope 

towards whatever method is envi- 

ef fluent management. An expe- 
this about with the least loss of 



We agree with Ms. Frances Hart in her presentation for the 
Energy Research foundation at the August 19 DOE hearing in 
Aiken where she stated that if an alternative method is chosen 
it should provide "at least as much environmental protection" 

aS Cne iLUriLL ci^Lept-dUtb 1 LUUI my IlltfUI'UUi as picicnitru auuvcr. 

We in Beaufort are as concerned as we have ever been about the 
quality of our drinking water which has as its source the 
Savannah River.- We sha)l read with great interest the EIS 
analysis of "Environmental Issues" (p. 9) numbers: 6. "Radio- 
nuclide remobi lization' 1 and 9. "Cumulative thermal effects." 
Both changes can have an impact on the quality of downstream 
dri nking water. 



we ur^e DOE to continue holding hearings in 
Beaufort as well as Aiken. The number of people attending any 



In f- rtrt i"lnf ift 
\.\f 



See the response to comment D-l. 



Radionuclide remobi Hzation and cumulative thermal effects will 
be assessed in Chapter 4 of the EIS for the cooling water 
alternatives . 



LU 
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one hearing has varied; this is perhaps also true of Aiken. 
Because the decisions reached and changes made at SRP are of 
great environmental importance to us here, we must continue to 
be involved and to actively participate in hearings held in 
Beaufort, 

Please include this submission in the Scoping Record. 



Comment 
number 
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STATEMENT OF ROGER L. BANKS 

U.S. DEPARTMENT OF THE INTERIOR 

FISH AND WILDLIFE SERVICE 
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hi- kuitx. I i_ t I t_ tii^tu I. I IC 1J.U V T _ _ 

the Federal Registe r on July 29, 1985. The following comments 
are provided to you in accordance with the Fish and Wildlife 
Coordination Act and are intended to assist you during the 
preparation of the EIS. 



The environmental is 
intend to analyze du 
erally inclusive of 
concern to the Servi 
in project planning 
wetland f i sh and wil 
i nstallation of the 
also appears probabl 
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sues identified in the Register that you 
ring the preparation of the EIS appear gen- 
the fish and wildlife resource issues of 
ce- It appears likely at this early stage 
that significant beneficial effects on 
dlife resources will likely result from 
proposed cooling water alternatives. It 
e that significant adverse effects may 
f the cooling towers, holding ponds, and 



We would like to see the following issues emphasized and the 
extent of their probable effects quantified during subsequent 
studies: 

1. The effects of reduced thermal effluents on fish and 
wildlife resources in the receiving streams and con- 
tiguous wetland habitats, 

2. A comparison of habitat impacts resultant from 
alternative facilities siting plans. 

3. Impingement and entrainment effects on fishery 
resources resultant from alternative plans. 

ii- —., _— _j j.L_l 4i <j_i_:i.-.i. c.-l.-tj^^ n.^ i .„ yiirrti i 

we r tfLuiiiiutim Litdt LJie ndu ndL LVdiudLiun rrocfuure^ (ncrj t>e 
considered as a means of comparing and quantifying the habitat 
effects of alternative plans considered in the EIS. Use of the 
HEP in this case could make economical use of the basic 



The potential environmental effects resulting from the location 
of cooling water systems and ancillary facilities will be dis- 
cussed in Chapter 4 of the EIS. 



Chapter 4 of the EIS will present the environmental consequences 
of the construction and operation of alternative cooling water 
systems, including the beneficial and adverse impacts to fish and 
wildlife resources, wetland habitats, and impingement and entrain- 
ment. Also see the response to comment K-l . 



m ncr stuuy is ueing conaucceo to laenniy tne vaiue OT naoitat 
to be gained or lost for use in assessing further mitigation. 
The EIS will discuss the HEP study in Chapter 5. 
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framework of the ongoing L-Reactor HEP Mitigation Study. As a 
result of the L-Reactor HEP Study you have trained and experi- 
enced staff members capable of conducting a study within the 
time constraints of the EIS. In addition should the need for 
habitat mitigation be indicated after selection of the pre- 
ferred alternative, HEP provides a means of mitigation cost- 
benefit analysis. Finally, the primary benefit of the HEP is 
in promoting interagency cooperation resulting in balanced 
planning decisions. 

If you have any questions regarding our comments contact me at 
your convenience. 



I 
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STATEMENT OF J. tf. MORRIS 

Thank you for the opportunity to comment on the scope of the 
planned Environmental Impact Statement (EIS) on the Savannah 
River Plant (SRP) Cooling Water Systems. 

I urge that the EIS deal carefully and thoroughly with a cost- 
benefit analysis of the construction and operation of the pro- 
posed cooling-water systems. Specifically, the following 
aspects should be considered: 

1, The complete and continuing cost to the taxpayers of 
increasing the national debt to pay for ^ 

a, the proposed construction, 

b. the operational costs, 

and c. the increased production costs that will result 
from the proposed operating limits. 

2. The benefits, if any, that can be expected from the 
proposed changes. 



I urge also that the EIS review the overall environmental pro- 
ductivity of the SRP site, as a whole, and compare that produc- 
tivity with the productivity that might have been expected from 
the SRP area had the project been located elsewhere, and with 
the incremental effects that may be expected from the proposed 
cooling-water systems- Such a review will show that the envi- 
ronmental productivity of the SRP site now is very high, and 
that the incremental benefits of the proposed actions are very 
low. 

The long-term costs of the proposed action will be very high to 
the nation's taxpayers, the benefits will be very small, and 
none of these benefits will accrue to the public since the SRP 
site is necessarily closed to the public. 

The basic intent of the Clean Water Act and of Water Quality 
Standards is to protect the public and to preserve environmen- 
tal productivity. At SRP overall the public is presently well 
protected and environmental productivity is very high. 



Chapter 2 of the EIS will present the estimated costs associated 
with the cooling water alternatives considered. Chapter 2 of 
the EIS will summari ze and Chapter 4 will discuss the adverse and 
beneficial impacts of the construction and operation of the cooling 
water alternatives. 



Chapter 3 of the EIS will discuss the existing environment at the 
SRP site that will be affected by alternative cooling water systems, 
and Chapter 4 will discuss the environmental consequences of con- 
structing and operating the systems. Since the cooling water 
systems will neither affect the entire SRP site nor can the systems 
be located elsewhere, the comparison of overall productivity as 
cited is considered outside the scope of the EIS. 



Table H-2. Scoping Comments and DOE Responses 



Comment 
number 



Comments 



Responses 



I urge the Federal government to exercise its responsibility to 
the total spectrum of U.S. taxpayers, and to pursue all pos- 
sible means to implement "No Action" in the matter at hand. 



I 



Table H-3, Scoping Topics and EIS Sections 



n __._•__ i !_ IT* T f _ 



Comment numoer acopxug uupic hj.o skcliuu 



A-l Environmental impacts Ch, 4, App, F 

A- 2 Environmental impacts Ch. 4^ App, F 

A-3 Cooling water alternatives Ch. 4 

B-L Reeulatorv reauirements Ch. 2* Ch . 4 

D-l Regulatory requirements Ch, 1, Ch. 5 

D-2 Regulatory requirements Ch. 1, Ch. 5 

E-l Environmental impac ts Ch * 2 , Ch - 4 

F-l Cooling water alternatives, No-action Ch, 2, Ch. 4 

alternative 

G-l Regulatory requirements Ch, 1 

G-2 Scoping comments Ch* 1 

G-3 Water quality impacts Ch. 4 

G-4 Water quality impacts Ch, 4 

^ "" _ J nj-L. qLtaj-j-t-jf iiiipaL- u-d out ^+ 

G-6 Regulatory requirements Ch* 1 

G— 7 Raw water basin usage - RCRA compliance Outside the 

scope of the 
EIS 

G-8 Surface water hydrology and water Ch, 3, Ch. 4 

quality, well closures 

G-9 Water quality impacts Ch. 4 

G-10 Mathematical models App. B, App* G 

G-ll Beta-Gamma incinerator Outside the 

scope of the 
EIS 
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Table H-3. Scoping Topics and ETS Sections (continued) 



Comment number 



scoping topic 



h]I5 section 



G-12 



1-1 

J-l 
J-2 

K-l 
K-2 
K-3 
L-l 

L-2 



High-level waste 



Radiological releases 

Reeulatorv reauirements 

Radionuclide remobilization, cumulative 
thermal effects 

Facility siting impacts 

Fish and wildlife resource impacts 

Habitat impacts 

Cost of alternatives , impacts of 
alternatives 

Affected environment , impacts of 
alternatives 



Outside the 
scope of the 
EIS 

Ch. 3, Ch. 4 

Ch. 1, Ch. 5 

Ch- 4 

Ch. 4 

Ch. 4 

Ch, 4 

Ch. 2, Ch.4 

Ch. 3, Ch. 4 
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APPENDIX I 

ruitiNiiftL rtrrLibrti iuixd run. u i iLiAniiui^ ur wftoic, ncni r j\uri 
K- AND C-REACTOR COOLING WATER DISCHARGES 



During the public comment period on the draft environmental impact statement 
(EIS) for alternative cooling water systems at the Savannah River Plant (SRP), 
the U.S. Department of Energy (DOE) received several comments that requested 
consideration of other alternatives for use of the cooling water effluents 
from K- and C-Reactors. These comments did not identify specific alternatives 
(i.e.* concepts with specific functions and features) for the effluents, but 
rather suggested that DOE consider the use of the cooling water or the 
contained thermal energy in agricultural or aquacultural applications or in 
the production of ethanol • 

This appendix discusses earlier waste heat utilization studies conducted at 
the Savannah River Plant, and assesses the general alternatives identified 
during the public comment period (irrigation, soil warming , greenhouse 
heating, aquacul ture , and ethanol production) * 



1.1 K- AND C-REACTOR COOLING WATER DISCHARGES 

K- and C-Reactor each discharge approximately 11 . 3 cubic meters of reactor 
cooling water per second at an average temperature of between 70 C and 
77°C. These discharges are not continuous; periods of reactor operation 
depend on production runs and on required maintenance shutdowns of 1 to 2 
months, which generally occur during the summer. The chemical quality of the 
cooling water is similar to that of the Savannah River; however, the cooling 

w^t.ftr from hnt.h rMrtnrfl rnnt^ins tritium* a radioactive isntooe of hvdro^en. 
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resulting from small process water leaks in the reactor heat exchanger. 



1.2 PREVIOUS STUDIES 

DOE has funded or performed several studies that evaluated the potential for 
utilization of waste heat generated at SRP. In 1978, the South Carolina 
Energy Research Institute (SCERI ) prepared a report entitled Low Level_ Jtfast e 
Heat Utilization Project, Savannah River Plant, Preliminary Analysis . Th i s 
study considered a number of potential waste heat utilization projects, 
including agricultural and aquacultural uses, industrial applications, and 
direct power generation. It evaluated five agricultural options - soil 
warming, biomass production, greenhouse heating, anaerobic digestion of animal 
wastes, and space heating of poultry brooding houses . After the evaluations , 
the researchers did not consider any of these options to be independently 
viable as a major user of SRP waste heat. Of the nine aquatic species evalu- 
ated for potential, commercial culture using SRP waste heat , the report con- 
sidered the culture of freshwater prawns and channel catfish to offer the most 

r-kv-rtm-T^j-. <i c- o-n ^s+i ^ 1 1 e» a v* \ ir\ o-n Oncar-tn/ faC^a^Q cucfanl Of f~ Ho j-1 i *~o j*» +- nnwnr 
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generation options considered, a Rankine cycle system appeared to be the most 
viable. 
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In 1982, Clemson University's College of Agricultural Sciences and College of 
Forest and Recreation Resources prepared a report entitled Feedstock Options 
for Ethanol Production at the Savannah River Plant (Cross et al . , 1982). This 
report provided DOE with information to judge the short- and long-term poten- 
tials for feedstock alternatives for onsite ethanol conversion. 

In 1983, Arthur D. Little, Inc. (ADL), under contract to E.I du Pont de 
Nemours and Company (Du Pont), prepared the SRP Cogeneration Study , which 
evaluated the feasibility of various methods of cogeneration (i.e. , the 
recovery and utilization of heat from the reactor effluents) as a means of 
reducing SRP thermal impacts. The ADL investigation utilized the previous 
studies conducted on this issue with appropriate updates of technologies and 
costs (ADL, 1983), The cogeneration options evaluated included the generation 
of electricity using Rankine cycle systems , the generation of process steam 
for the SRP using heat pumps, onsite industrial applications (direct uses 
and/or temperature augmentation using heat pumps ) , onsite agricultural and 
aquacultural applications, and hot water delivery to off site users- ADL eval- 
uated each of the applications with respect to technical, economic, institu- 
tional , and environmental feasibility. The environmental evaluations included 
an assessment of the ability of the cogeneration options to meet the proposed 
32*2°/2.8"C thermal standard for SRP streams. This standard requires that 

¥■ V* n -H^ifiTT^is ^ifnra r\£ r^l^a-nh of f 1 nonhc aT\ t" O ** 1 n Cr £i na fliral clroam Tint" £i -y ^ p £) H 

32.2°C, and that plant effluents cause no more than a 2.8°C temperature 
increase above the natural stream temperature. 

ADL evaluated the onsite applications both as standalone strategies and as 
precooler strategies . The standalone evaluations examined the cost/benefit 
associated with adding a cogeneration system to the existing once-through 
reactor cooling system. The precooler evaluations assumed that the once- 
through system would be augmented by mechanical— draf t cooling towers , and 
examined the cost /benefit of using cogeneration to precool the reactor 
effluent before it enters the cooling towers . 

Based on a detailed review of the ADL work and on an independent assessment of 
cogeneration, the Savannah River Laboratory (Roggenkamp, 1983) concluded that 
none of the standalone strategies would provide sufficient temperature reduc- 
tion to satisfy the 32.2°/2.8"C thermal standard for SRP streams year- 
round. The precooler strategies were not considered feasible for reasons 
specific to each application, as discussed below. 
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lecnnicany , Kankine cycle systems could generate as mucn as jw co ns 
megawatts of electricity at each reactor. However* while the 12°C temper- 
ature reduction would permit the use of smaller cooling towers, the delivered 
electricity costs would be 2 to 3 times higher than the costs for the current 
system of purchased electricity. 

The only technically viable heat pump application identified in the studies 
would result in a decrease in reactor cooling water effluent temperatures of 
only 0.6°C. In addition, this application would be uneconomical. 

Onsite industrial , agricultural and aquacultural applications, and heated 
effluent delivery to of f site users would not be feasible because of poor 
economics and many institutional barriers . 
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The institutional problems associated with industries locating to the SRP area 
to obtain low-cost heat from the reactor effluent would be virtually insur- 
mountable. ADL cited the problems encountered by the Tennessee Valley 
Authority in attracting industries to use the waste heat from its Watts Bar 
Nuclear Power Plant. 

The ADL study concluded that onsite agricultural and aquacultural uses of the 
waste heat were not feasible. Features of these applications leading to poor 
economics are the relatively low duty cycle (heat generally not needed except 
in winter) and the relatively low value of the output. Also, the study deter- 
mined that, unless very large land areas are employed, these applications 
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tively frequent outages of the reactors also would cause difficulties with 
respect to winter kill unless backup systems were provided. In addition, 
Federal legislation [21 USC 321 (s) and 342(a)(7)] expressly forbids the 
adulteration of food or food products with any radioactive substance. SRP 
reactor cooling water contains tritium as a result of small process water 
leaks in the reactor heat exchangers. While discharges of this radioactive 
material are well within applicable regulatory limits for water quality, the 
legislation regarding food and food products sets no lower threshold limit, 
precluding the use of this water for direct contact use in agriculture or 
aquaculture. 

The study also concluded that it would be uneconomical to pipe reactor cooling 
water effluent offsite for district heating or industrial applications- 

1.3 POTENTIAL AGRICULTURAL APPLICATIONS 
1,3.1 IRRIGATION 

This potential application for the utilization of SRP waste heat would entail 
delivery, via a closed pipeline or open canals, of reactor cooling water 
effluent to offsite users for direct contact irrigation of agricultural crops. 

In the six-county area surrounding the SRP, agriculture accounts for 
approximately 21 percent of the total land use (DOE, 1984). The results of 
the 1980 census of population (Bureau of the Census 1982a, b) indicate that 
fewer than 2 percent of the population In the six-county area were employed in 
the category of agriculture, forestry, and fishing, a 2-percent decrease from 
1970. Agricultural land in the six-county area is undergoing a transition 
from smaller operators to larger consolidated farms, especially in the rural 
areas of Allendale, Bamberg, and Barnwell Counties (DOE, 1984). 

Although the conservation of water resources is considered a national priority 
and recent drought conditions in the southeastern United States have generally 
indicated the importance of the availability of adequate water supplies, DOE 
is not aware of specific agricultural needs or requirements for diversion of 
existing water resources for use in the irrigation of local crops. No uses of 
the Savannah River for irrigation have been identified in either South 
Carolina or Georgia (Du. Pont, 1982), 

Even if a specific need was identified for local use of the SRP reactor 
cooling water for irrigation purposes and recognizing the legal barrier for 
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such uses for food crops described above, various environmental, technical, 
and economic difficulties exist; these are discussed below* 

The estimated temperature of the cooling water delivered from K- and 
C-Reactors to an off site location would be between 52° and 75 "C. Before 
it could be used for irrigation, this water would have to be cooled to about 
32*2°C to avoid damage to crops. in the summer, when irrigation is needed 
and the ambient Savannah River temperature is approximately 2&"C 1 an esti- 
mated 156 cubic meters per second of local water (or seven times the amount of 
cooling water delivered from K- and C-Reactors) would be required to dilute 
and thus cool the discharge water from both reactors to 32.2°C. This quan- 
tity is equal to the 7-day, 10-year low flow (159 cubic meters per second) of 
the Savannah River near the SRP * If such quantities of local water were 
available, the K- and C -Reactor discharges probably would not be needed for 
irrigation; because this amount of local surface-water use is not considered 
feasible, a cooling system (i.e., once-through or recirculating cooling tower) 
*.,~,, -\ a Pfiii K^ n^occarv t"rt r^rtnl rp^rtnr r.fiolin? wAter sufficiently for irri- 
gation use. In addition, during those periods when irrigation water would not 
be required, some alternative mechanism of cooling water disposal (and cooling 
to meet regulatory requirements) would be necessary* 

The off site agricultural user(s) would be responsible for meeting all con- 
struction and operational permit requirements for off site irrigation systems. 
Major issues of concern from a regulatory point of view relate to large volume 
translocation of a riverine water resource to the groundwater table and the 
potential permit requirements of transporting surface water from one basin to 
another (for example, interbasin transfer from the Savannah River basin to the 
Salkehatchie River basin near Allendale, South Carolina). 

To deliver heated water from K- and C-Reactors to a potential user(s) at the 
SRP boundary line, DOE would have to construct either open canals or an under- 
ground pipeline. Consideration was given to the use of open cement-lined 
canals with gravity flow, similar to those constructed to carry cooling water 
from the P- and R-Reactors to Par Pond, However, this alternative was con- 
sidered less attractive than the closed pipeline option for both technical and 
economic reasons* Several stream valleys and ridge lines wouiu nave ^o uG 
crossed between the reactors and the SRP eastern and western boundary lines. 
Gravity flow canals could only be used from a ridge line to the next stream 
valley, from which a closed pipeline and a pumping station would be required 
to move the water to the next ridge line. 

Water flow in a canal would be by gravity, whereas the pipeline would be under 
pressure from the puinps* Therefore, the pipeline could use a shorter, 
straight path and follow the existing ground elevation to avoid deep exca- 
vations and fills, A canal would have to meander along the contours, 
requiring a longer route and greater expense. The canal would also produce a 
larger potential area of disturbance than the pipeline and, accordingly, would 
have a greater potential environmental impact. 

A pipeline system would require the following: 

• A pumping station at each reactor with underground reinforced concrete 
pits approximately 20 meters deep, each containing 10 pumps capable of 
pumping 2.3 cubic meters per second* 
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• Associated control buildings, valves , electrical substations and 
switchyards, and access and security facilities. 

• Underground pipelines from each reactor area to the SRP boundary. 
Each pipe would be about 2.5 meters in diameter . Both pipes would be 
combined into one about 3*7 meters in diameter where the lines 
converge. The system would have drain and air valves at low and high 
points in the pipes, similar to those in existing wastewater pipelines* 

A pipeline could follow several routes from K- and C-Reactors to the SRP 
boundary,. The closest point on the boundary to either reactor is along the 
Savannah River. However, no practical use exists for heated water in this 
area because it consists almost exclusively of wetlands * The route to a 
usable off site area with the shortest total length of pipe (Figure 1-1) would 
start at a new K-Reactor pump station and follow the existing 115 -kilo volt 
transmission line and control cable between K- and C-Reactors for about A. 5 
kilometers. A 0,5-kiiometer pipeline would run from the new C-Reactor pump- 
house to connect to that pipeline just north of Road 3. From this connection, 
a larger combined pipe would follow the existing South Carolina Electric and 
Gas (SCE&G) Company transmission line to the intersection of Roads 2 and C. 
From this point , the pipe could either continue along the transmission line or 
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length of the large pipe would be about 13 kilometers, and the total length of 
pipe would be about 18 kilometers* 

A second possible route (Figure 1-2) would have the small pipes run from each 
reactor to a junction at the intersection of Roads B and C near L-Reactor. 
From the new pumphouse at C-Reactor, the pipe would follow the C-Area railroad 
to Road C, and then parallel Road C to the junction; this pipe would be about 
8.5 kilometers long. The pipe from K-Reactor would run parallel to Road B for 
about 5*5 kilometers , From this junction, a larger pipe could follow two 
routes to the boundary. The shorter route (Route 2-A) would turn south, cross 
Myers Branch and the Seaboard Coast Line Railroad, and run approximately 
parallel to the SCE&G transmission line for about 10, 5 kilometers to a point 
on the SRP boundary near the northwest corner of Allendale County, This point 
is near a ridge line that bisects the area between SRP and Lower Three Runs 
Creek • The large pipe could also continue (Route 2-B) from the junction 14 
kilometers along Road B to the SRP boundary east of Par Pond* This point is 
near a ridge line that runs south through part of Barnwell County and most of 
Allendale County between Lower Three Runs Creek and the Salkehatchie River. 
The total lengths of pipe for Routes 1 and 2 are 24 * 5 and 28 kilometers , 
respectively. 

Although the route to Jackson is the shortest » the pumps at each reactor would 
have to be larger than those required for the other routes because the pipe- 
line would reach its lowest point where it crosses Upper Three Runs Creek; the 
system would have to pump water upgrade to the boundary. Stream crossings on 
the other routes are at higher elevations. 

Depending on the pipeline route selected* 1200- to 1800-horsepover motors 
would power the pumps. The rating for each pump would be 1*1 cubic meters per 
second and the required power supply per pump would range between 0.995 and 
1 ,5 kilowatts , Because each pumping station would require 10 operating and 
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Figure M. Proposed Pipeline Route 1 (West) 
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Figure 1-2. Proposed Pipeline Route 2 (East) 
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5 redundant pumps, DOE would have to construct an electrical power substation 
and special transmission lines. The estimated total DOE construction costs 
for pumping stations and pipelines range between $188 and $215 million, and 
the estimated annual operating costs would be approximately $18 million 
(Table I-lK 



Table 1-1, 



Costs for Closed Pipeline to Carry K- and C-Reactor 
Cooling Water Offsite 



item 



West 

pipeline 

(Figure 1-1 ) 



East 

pipeline 

(Figure 1-2) 



Length of route (kilometers ) 

Capital costs ($ million) 
Pipeline 

Pumps and accessories, installed 
Contractor operations and profit 
Design 

Total capital costs ($ million) 



24,5 



44 
92 
27 
25 



188 



28 



64 
92 
31 

28 

215 
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Power (at $.06/kWh) 
Operations and maintenance 

Total operating costs per year ($ million) 



13 

5 

18 



13 

5 

18 



DOE estimates that it would require about 12 to 15 months to design the 
pipeline, and about 24 months to construct the shortest system or 32 months to 
construct the longest route. The workforce is estimated to be 25 personnel 
for operations and 15 for maintenance, 

1.3.2 SOIL WARMING 

Warming of crop soils to higher temperatures during the cooler months has been 
tested experimentally as a method of increasing agricultural productivity. 
SCERI (1978), in its assessment of potential applications at SRP, reported on 
soil warming experiments that produced a variety of effects on growing crops: 
xonger growing seasons , higher quality vegetables, and sometimes significant 
increases in yields. However, artificial warming of the soil has also been 
found to cause substantial reductions in yields of some crops* A system using 
waste heat to provide soil warming would include the following necessary 
components : 



The availability of land suitable for crop production 
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• 



Sufficient labor , management, and equipment to produce a crop 

An extensive system of buried pipelines for the transfer of heat to the 
soil 

An irrigation system to alleviate the increased evapo transpiration 

caused by higher soil temperatures 



Temperatures higher than 32.2°C have been found to decrease crop growth 
significantly. Some crops have a critical temperature limit as low as 13°C 
(Ontario Department of Agriculture and Food, 1978) . Thus , the use of K- and 
C -Reactor discharges for soil warming, given an estimated delivery range 
between 52°C and 75 °C, would require a method to lower the temperature 
before the cooling water could be used for soil warming. 

The SCERI (1978) assessment determined that a volume of 21*5 cubic meters per 

second of water at a temoerature of .12- 2°C . distributed throueh a subsurface 

___________ ___ — _______ _ __ _____ —fj 

pipeline, would warm and maintain the soil temperature of a 1000-acre field 
during early spring. This would allow an approximate 5,6°C reduction in the 
temperature of the cooling water* Using a combined reactor cooling water 
effluent volume of 22*6 cubic meters per second at a maximum discharge temper- 
ature of 75 "C , an estimated additional 50 cubic meters per second of local 
ambient surface water (at a March ambient Savannah River temperature of 
13°C) would be required to provide 32. 2°C effluent water for soil 
warming. Based on SCERI calculations of water distribution* approximately 
3395 acres of agricultural land could be warmed using this method. However, 
the quantity of additional local surface water required to cool the reactor 
effluent to meet soil warming needs is approximately one sixth of the average 
annual Savannah River stream flow (295 cubic meters per second) near the SRP* 

Reactor operations at the Savannah River Plant would have a significant effect 
on the supply of heated water available for soil warming, DOE cannot ensure a 
continuous supply of heated water due to frequent reloading and maintenance 
activities at the reactors; thus , system users would have to depend on other 
means for warming the soil when the supply of cooling water from the reactors 
tj__i_ rjrt £ available. 

Because soil warming for agricultural purposes is required only during the 
coldest portions of the year, this method of heat dissipation would not be 
feasible during the warm seasons. For this reason and because of the need to 
cool reactor effluents to levels acceptable to plant growth requirements while 
using only reasonable volumes of local surface waters, the soil warming appli- 
cation would not preclude the need for cooling towers at the SRP . 

Based on its assessment of the soil warming application, SCERI (1978) 
concluded that the potential limited benefits of soil warming do not justify 
the costs for such a system. Soil warming is useful for, at most , 6 months 
per year and the use of SRP waste heat is not replacing (and conserving) 
another energy source because soil warming is not practiced commercially. 
Estimated costs to the user for installation of the soil warming equipment are 
$5000 per acre for what is only an experimental system. The small profit 
margin for crops that do well on large acreages makes the additional soil 
warming investment economically unsound for large farms* 
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In addition to the costs associated with the soil warming equipment and 
agricultural production, the user would be responsible for all National 
Pollutant Discharge Elimination System (NPDES) permit requirements for the 
ultimate disposal of the reactor cooling water effluent after use in the soil 
warming application. 

The estimated costs of the DOE delivery of K- and C-Reactor cooling water to 
the of f site user location would be the same as those discussed for irri- 
gation. The estimated total cons true tion costs for pumping stations and pipe- 
lines for soil warming range between $188 and $215 million, and the estimated 
annual operating costs for these delivery systems would be approximately $18 
million. These costs would be in addition to the DOE costs for construction 
and operation of the anticipated cooling towers for K- and C -Reactors * 

1.3.3 GREENHOUSE HEATING 

SCERI (19 78) determined that, of the five potential applications it evaluated 

for tht* utilization of SRP waste heat * ereenhouse heating aDDeared to be the 
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best prospect. However, as with the other options, SCERI concluded that this 
application could not be a major use of the waste heat, but it could be incor- 
porated into an industrial /agricultural park as one of the last recipients in 
an energy cascade* Based on its review of the greenhouse application, ADL 
(1983) concluded that "some greenhouse operations might be possible and could 
represent an interesting demonstration activity* However, the presence of low 
cost heat is not likely to be a sufficient incentive to attract any truly 
commercial activities." 

SCERI (1978) cited a report (Boyd et al., 1977) on an experimental greenhouse 
facility in Minnesota that used cooling water waste heat from a power plant of 
Northern States Power Company for both heating and cooling purposes. This 
greenhouse has been used for the successful production of tomatoes, lettuce, 
and roses during the winter. 

The Pennsylvania Power and Light Company (PPL) has established a greenhouse 
complex at its Mpntour Steam Electric Station (a coal-fired power plant in east 
central Pennsylvania) to deliver heat to greenhouse operators (PPL, 1982) . 
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from the condensers because the greenhouse operators could not process water 
warmer than 45°C. Based on a flow rate of 0*022 cubic meter per second of 
37,8 C cooling water (annual average) per acre of greenhouse, this system, 
as presently operating, has the capacity to supply 3^ or 17 acres of green- 
houses with or without pump assistance, respectively. At the time of the 
report, 13 greenhouse acres were under cultivation. This application utilizes 
approximately 1 percent of the plant 's cooling water with an approximate 
5 . 6°C reduction (to 32 . 2°C ) in cooling water temperature for return to the 
plant * 

The PPL greenhouses employ an under f loor heating system and an overhead (air 
heater) system. Each greenhouse operator had to install full-capacity gas- or 
oil-fired backup heating systems and self-draining pipes to ensure the mainte- 
nance of suitable temperatures in the greenhouse during power pi ant outages and 
extremely cold periods* 
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If the PPL figures are used as a basis for estimating the amount of greenhouse 
area necessary to lower the temperature of the cooling water discharges from 
K- and C-Reactors without cooling towers and still meet a discharge temper- 
ature of 32, 2"C, 30. 2 cubic meters per second of local surface water at 
ambient Savannah River temperature in January (approximately 10°C) for 
dilution/cooling and 2402 acres (not including associated equipment and access 
areas) of greenhouses would be required. 

PPL estimates that its 34-acre greenhouse cost $35 ,650 per acre to construct 
and that the annual heating cost (annual charge for the pipeline) is about 
$13,290 per acre (PPL, 1982)* The SCERI (1978) study at SRP estimated the 
capital costs of greenhouse construction at $43,560 per acre, with an annual 

Based on an estimate of 2402 acres of greenhouses needed to dissipate the 
waste heat from K- and C-Reactor discharges without a cooling tower and meet a 
32. 2°C discharge temperature, greenhouse construction costs (excluding costs 
for the delivery of cooling water from the reactors) would range between $86 
and $105 million; annual energy costs would range between $18 and $32 million* 

When the heat in the water used for greenhouse heating is not dissipated to 
required levels, discharge of this water would require a cooling system, such 
as a cooling tower, to meet South Carolina water-quality standards. 

1.4 POTENTIAL AQUACULTURAL APPLICATIONS 

1.4.1 PRAWN PRODUCTION 

The SCERI (1978) report found that, for biological , technical, and economic 
reasons , the freshwater prawn ( Macrobrachium rosenbergii ) was the only crus- 
tacean witu commercial, culture potential at the SRP. However, because no 
commercial prawn farms of the type envis ioned exist , the SCERI report con- 
cluded that extensive pilot-scale testing and research would be required to 
determine the extent of this economic potential. 

The SCERI study determined that the greatest potential for commercially 
successful prawn farming in the local area would result from the use of a 
combination of very intensive indoor and outdoor culture systems . A produc- 
tion plan was proposed for a controlled-environment pilot operation that would 
utilize indoor tanks for the brood-stock, hatchery, and nursery phases and 
outdoor ponds for the production phase, during which juvenile prawns would be 
grown to marketable size. The local climate is such that prawn culture can 
occur outdoors only during the warmer months of the year. Thus , the cooling 
water from K- and C-Reactors could contribute heat to an aquaculture operation 
during the colder months. The low-level waste heat from SRP reactor cooling 
water could be used to maintain water temperatures in a range favorable to 
prawn growth ( 26-30 °C) , making year-round -production possible. However, the 
presence of tritium in the reactor cooling water precludes direct contact with 
the prawn culture medium [21 USC 321(s) and 342(a)(7)]; therefore, waste heat 
could only be used indirectly , through a heat-exchange system, to heat the 
culture water. This would necessitate the local availability of large volumes 
of high-quality water (uncontaminated with biocides from agricultural uses, 
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industrial wastes , etc. ) for the culture medium. In addition, the commercial 
feasibility of using SRP waste heat for prawn production would depend on the 

could be determined only through pilot-scale testing. 

Water temperatures higher than 33°C are detrimental to prawn growth; 
accordingly, during the warmer periods of the year, the use of outdoor ponds 
for heat dissipation would be negligible. (Intensive indoor tank culture 
would allow year-round use, but would require only relatively small volumes of 
reactor cooling water for tank warming, ) Conversely, a continuous supply of 
heated cooling water would have to be provided to the prawn farm during the 
colder months* Any significant interruptions in this flow could result in the 
complete loss of the prawn crop* Therefore, a backup heating system would be 
required to ensure controlled maintenance of suitable temperatures during 
periods of reactor shutdown. 

The SCERI report concluded that the potentially most feasible and economically 
successful system for prawn production using SRP waste heat would be with 
intensive management techniques using small (1/4-acre) ponds and maintaining 
high densities of individuals in the ponds. The estimated potential produc- 
tion from such intensively managed units ranges from about 6000 to 8100 kilo- 
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SCERI studies would use 10 to 100 acres of growout ponds plus associated 
hatchery and nursery facilities. SCERI assumed that circulation of SRP heated 
water would be required for 8 months of the year. During the coldest periods, 
SCERI estimated that a maximum volume of 0.022 cubic meter per second of 
38 °C reactor cooling water effluent (assuming that pond water could be 
heated 14° to 17°C via the heat exchangers) would be required for heating 
each 1/4-acre pond. Considering the maximum prawn farm size suggested by 
SCERI of 100 acres, pond heating during the coldest portion of the year would 
be able to utilize only 8*8 cubic meters per second (39 percent) of the total 
cooling water effluent from K- and C -Reactors, Some other form of cooling of 
the effluent would be required for the remaining volume (13*8 cubic meters per 
second) to meet regulatory requirements* Also, SCERI determined that addi- 
tional cooling of the reactor effluent (to reduce the temperature to 38 C) 
would be required before passage through the culture system heat exchangers 
for maintenance of suitable temperatures in the ponds . 

The use of cooling water from K- and C -Reactors for prawn production would 
require the delivery of this water via a pipeline to an of f site prawn 
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cooling water (estimated construction costs of between $188 and $215 million 
and estimated annual operating costs of about $18 million), cooling systems 
(once-through or recirculating cooling tower) would still be required to meet 
environmental standards during the warm season when the prawn producer (s) 
would not need the cooling water from the reactors. 

1.4,2 CATFISH PRODUCTION 

The SCERI report (1978) examined raising such noncrustacean food organisms as 
clams, eels, and exotic fish such as tilapia. Due to the lack of literature 
on the potential environmental impacts for an inadvertent introduction of 
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these species ^ in to the South Carolina environment , and due to specific tech- 
nical difficulties with the culture of each species, SCERI eliminated most of 
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products . However, it did consider channel catfish ( Tctalurus punctatus ) 
culture as a potential application. Catfish farming is presently centered 
along the Mississippi River, particularly in Louisiana, Mississippi, and 
Arkansas , where the major portion of the product market also exists . In 
comparison to the freshwater prawn, the per pound value of catfish is lower 
and , while prawns are relatively disease- free , catfish are particularly 
susceptible to certain bacterial , viral , fungal, and algal diseases that often 
occur under culture conditions* Because these factors would greatly influence 
the economic feasibility of a commercial catfish operation using reactor waste 
heat » SCERI determined that the establishment of a research facility would be 
required to develop the technology of growing catfish in heated ponds and 
raceways and to develop strains that would be better able to cope with 
stressful environments and diseases . 

Channel catfish have optimum growth and feed conversion at relatively high 
temperatures (28 . 9 c> -3i . 1°C ) . Using SRP waste heat , a catfish culture 
system could expand what would normally be 7 to 8 months of production in the 
southeastern United States to year-round production. However , the presence of 
tritium in the reactor cooling water precludes direct contact with the catfish 
culture medium [21 USC 321(s) and 342(a)(7)]; therefore, waste heat could only 
be used indirectly, through a heat-exchange system, to heat the culture 
water* This would necessitate the local availability of large volumes of 
high-quality water (uncontaminated with biocides from agricultural uses , 
industrial wastes , etc* ) for the culture medium. In addition, the commercial 
feasibility of the use of SRP waste heat for catfish production would depend 
on the cost of the heat -exchange system best suited for large-scale produc- 
tion, which could be determined only through pilot-scale testing. 

Optimum catfish production requires culture water temperatures of 28*9° to 
31 . 1°C. Water temperatures must remain above 15 . 6°C if the fish are to 
continue to grow throughout the year ; at temperatures greater than 32*2 C , 
the fish do not feed regularly* Accordingly, during the warm periods of the 
year, the use of outdoor ponds for reactor heat dissipation would be negli- 
gible. Conversely, a continual supply of heated cooling water would have to 
be provided to the catfish farm during the colder months ; any significant 
interruptions In this flow could result in complete loss of the catfish crop. 
Therefore, a backup heating system would be required to ensure maintenance of 
suitable temperatures during periods of reactor shutdown. 

Open ponds are the most common facilities used in catfish production, and 
their cost in relation to the volume of fish produced is less than that of 
other facilities such as cages and raceways * Cage culture accounts for only a 
small proportion of commercial production* used where the culture water is not 
readily seined (for collection of grown f ish) . Additional research is 
required before cage culture could be adopted on a wide scale* Raceways are 
generally used when only a small amount of land is available for farming* In 
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the most profitable size for growing ponds appears to be 20 acres . 
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While the SCERI (19 78 ) study did not quantify potential coo Ling water use or 
the degree of heat dissipation possible using a heat-exchange system with 
catfish production ponds , the limitations for waste heat utilization probably 
would be similar to those for prawn pond farming; that is , ( L )' that pond 
heating could utilize only a fraction of the coo Ling water available from 
K- and C-Reactors , and (2) that the volume of cooling water that could be 
util ized for pond heating would require some precooLing prior to passage 
through the heat-exchange system. As with prawn farming, these limitations 
would necessitate an additional means of reactor effluent cooling to meet 
regulatory requirements and to make available a usable source of waste heat* 

The SCERI study (1978) estimated that it could cost as much as $20,000 to 
construct a 20^acre pond . Construction of a 50 -acre pond would require an 
estimated $60,000, Enclosing the hatcheries and brooding tanks could double 
the costs. In addition » SCERI estimated that annual operational costs couLd 
amount to more than $1 million for every 640 acres of ponds. 
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require the delivery of the cooling water via a pipeline to an offsite 
producer (s ) , In addition to the costs associated with the delivery of this 
water (estimated construction costs of between $188 and $215 million and 
estimated annual operating costs of about $18 million) , cooling systems (once- 
through or recirculating cooling tower ) would still be needed to meet South 
Carolina water classification standards during the summer, when the catfish 
producer(s) would not need the cooling water from K- and C-Reactors. 

1.5 ETHANOL PRODUCTION 

The tec nno logy for ethanol production is fully established; a considerable 
amount of development and market research has been completed during the past 
decade. The largest markets for ethanol would be as fuel for engines or as 
gasoline blending stock (gasohol) . The market for gasohol currently exists „ 
At present, however, this market in the United States cannot compete economi- 
cally with the price of gasoline. 
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with the decrease of subsidy support from tax credits and the reduction of 
economic incentives with the fall in crude oil prices, there is still a poten- 
tial for ethanol to help offset declining U.S. crude oil production. Due to 
its strong octane-enhancing properties, a barrel of aLcohol dispLaces more 
than a barrel of crude oil. 

Waste heat from K- and C-Reactors at 77°C could be used economically for 
ethanol production until it reaches 55 (> C; technically, it is possible to use 
this heat to a minimum of 32. 2°C . The ethanol production process is a batch 
activity y during which cooling water must be supplied continuously* Because 
the production process could not always accept the waste heat , the ethanol 
facility would require a cooling water system to meet the South Carolina 
water-quality standards* 

The Office of Technology Assessment (OTA) prepared a study to evaluate ethanol 
production potential (OTA, 1980). A slurry of biomass material (grains are 
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preferred but other crops can be used) would be prepared at ambient temper- 
ature; it would be heated to about 90 °C to promote enzyme development . The 
high- temperature enzyme addition accelerates the fermentation process. After 
fermentation, a mechanical separator would remove the solids, fibers, and par- 
ticles __ from the slurry. Depending on the biomass source, the removed solids 
could be dried, caked, and used as animal feed. This drying operation would 
start at about 90 °C and require a temperature higher than 100 ^C to be 
efficient; therefore it would not be a potential application for the waste 
heat from K- and C-Reactors because the cooling water temperatures are too low. 

The use of the available waste heat for the major energy requirement ( i .e - , 
the distillation and purification operation) for this process would require a 
departure from the normal commercial practice - performance of the distil- 
lation at a partial vacuum pressure. This would lower the reboiler temper- 
ature requirement , but it would add significantly to the required capital 
costs* Of even greater concern, this departure would remove the process from 
a well-established commercial practice . 

The OTA report (1980) concludes that a 38 to 189-million-liter-per-year 
process plant was the largest that should be built, due to the requirements 
for transporting the biomass material to the facility and for transporting the 
ethanoi to market and the byproduct (the dried s tillage) to a disposal point 
or a secondary market. The OTA report states that an acre of corn could 
produce 640 to 980 liters of ethanoi per year in such a process. This report 
estimates that the ethanoi production costs for a 189-million-liter-per-year 
plant would be about $0.32 per liter and that product delivery costs would be 
about $0.08 per liter, for a total product cost of $0.40 per liter. OTA 
further concluded that ethanoi as an octane-boosting additive to gasoline 
would not be economical until crude oil prices ranged from $20 to $30 per 
barrel (in 1980 dollars ) . If the SRP waste heat were provided free to the 

would not be of great importance in a decision to build such a plant. 

A variety of biomass feedstocks could be used in the process. The OTA (1980) 
and Rogers (1980) studies indicate that the best crops are corn or grain 
sorghums. Both of these grains produce a solid byproduct that is suitable for 
processing as an animal feed . Because the Savannah River Plant is not located 
in a major corn or grain growing area, crop transportation costs would be sig- 
nificant. Also, as indicated above , existing ethanoi production facilities 
are operating at well below full capacity due to depressed crude oil prices - 

Clemson University (Cross et al . , 1982) studied the feasibility of using waste 
heat from SRP reactors and root crops such as sweet potatoes and Jerusalem 
artichokes as feedstock. The estimated production costs of ethanoi using 
these crops ranged from $0*42 to $0.45 per liter, excluding the cost of the 
feedstock. This study indicated that further study along these lines would 
not be productive unless a significant cost -reduction breakthrough in har- 
vesting or processing technology is achieved. 



1.6 SUMMARY 

None of the potential applications for the utilization of SRP waste heat are 
considered substitutes for cooling water systems because of institutional , 
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technical, and economic problems. Rather, such costs are considered additive 
to the construction and operation of cooling water systems for K- and 
C -Reactors. Reactor cooling water cannot be used directly on crops or other 
food products because of the presence of tritium in the cooling water dis- 
charges. This precludes direct contact use for irrigation of crops and as an 
aquacultural growth medium. Reactor effluent could be used indirectly in 
agriculture or aquaculture through the warming of crop soils or the heating of 
greenhouses or prawn or catfish culture ponds, requiring the use of expensive 
heat-exchange systems . Such agricultural and aquacultural applications are of 
seasonal value, required only during the coldest months of Che year. Even 
during the period of use, these applications alone would not dissipate suffi- 
cient waste heat to meet State temperature discharge requirements. These 
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require significantly greater capital costs (Table 1-2) than recirculating or 
once-through cooling towers and would take several years to implement, even if 
commercial operators could be identified. For these reasons, the Department 
of Energy does not consider the agricultural, aquacultural, and ethanol 
production applications to be reasonable alternatives to the construction and 
operation of once-through or recirculating cooling towers for K- and 
C-Reactors . 



Table 1-2. Costs for Alternative Coaling Systems and Waste Heat 

Applications for K- and C-Reactors 



Alternative /application 



Capital cost 
($ million) 



Annual 
operating cost 
($ million) 



Recirculating cooling towers 

Irrigation 3 

Soil warming 3 

Greenhouses 

Aquaculture a 

Ethanol production 



4Q7 



$190 

$275-302 

$275-302 

$86-105 

$280-324 

$NP C 



<fcn a 

$2.4 

$18.4 

$18.4 

$18-32 

$4-6 

$NP 



a. Estimated costs include the costs for once-through cooling towers (because 
cooling water discharge temperatures are too high to be used during 
summer) and the costs for delivery of cooling water to the SRP boundary; 
they do not include costs of user irrigation, soil warming, or production 
systems (ponds ) , 

b. Estimated costs do not include the costs of delivery of cooling water 
discharges or of the cooling system that might be required for discharge 
of the warm water from the greenhouse. 

c. NP = Technology not practicable unless gasoline prices rise significantly 
or there is a cost reduction breakthrough in harvesting feedstock or 
processing technology. (Note: The estimated capital cost of an ethanol 
production xacixity would exceed s eve rax. nundrsu minion uOi j.ars y . 
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APPENDIX J 

COMMENTS AND DOE RESPONSES ON 

DRAFT ENVIRONMENTAL IMPACT STATEMENT 

ALTERNATIVE COOLING WATER SYSTEMS 



During the public comment period from March 28 through May 19 , 1986 , the U.S. 
Department of Energy (DOE) received 27 statements and /or comment letters on 
the draft version of this environmental impact statement (EIS) * In addition, 
three comment letters were received after May 19, 1986. The 30 statements and 
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of the States of Georgia and South Carolina, five from individuals associated 
with various colleges and universities , two from members of the United States 
House of Representatives, and eight from concerned individuals , 

This appendix presents the individual statements and/ or comment letters and 
DOE's responses to them. If a comment has led to a text revision in this EIS, 
the revision is identified with a vertical line in the margin, a comment 
letter, and a number designation. Table J— 1 lists the comments received , and 
Table J-2 lists the individual comments and DOE responses. 

Comments received at the public hearings and during the subsequent comment 
period dealt with the following issues: 

• Alternative uses of cooling water for various agricultural , 
aquacultural, and power production purposes 



* 



• 



* 



Cost breakdown, present worth analysis, projected lifetime, and thermal 
performance for cooling towers 

Establishment of an independent review group for all environmental 
impact statements 

Preference for recirculating cooling towers due to cost and 
environmental soundness 

Impact; of chlorination and corrosion inhibitory compounds upon the 
aquatic environment 



* Incorporation of predictive Section 316(a) type information 

• Analysis of entrainment of fish eggs and larvae 

DOE has responded to all these issues and has included additional information 
in some chapters and appendixes as appropriate* 



J-l 



Table J-l . 



Designation 



Comments and Statements Received on the 
Alternative Cooling Water Systems 
Environmental Impact Statement 



Individual or organization 



Page 



AA* 

ABA 

AC* 

AD* 
AE* 

AF* 

AG* 

AH* 

AI* 

AJ* 

AK* 

AL* 

AM 

AN 

AO 

AP 

AQ 

AR 

AS 

AT 

AU 

AV 

AW 

AX 

AY 

AZ 

BA 

BB 

EC 

BD 



Henry D. McMaster 
Heinz J. Mueller 
Harry Busbee 
William N. Wheeler 
Bart Ruiter 
Richard Hegg 
Roger Dale Wensil 
Richard Dickison 
Frank Watters 
j 

Sam Schillaci 
William F. Lawless 
Ralph F. Cullinan 
Sherman R. Ellis 
Willian D* Anderson, Jr. 
Bruce Rippeteau 
J. Leonard Ledbetter 
Richard W. Riley 
Richard 0. Hegg 
Charles E. Lee 
Danny L, Cromer 
Hilary J. Rauch 
Thomas F. Hartnett 
Butler Derrick 
John C. Villforth 
Don L. Klima 
Dan M, Mauldin 
James A. Joy, III 
Jack E * EUivan 
Bruce Blanchard 



J-J 
J-6 
J-7 
J-8 

J-10 
J-ll 
J-13 
J-16 
J-18 
J-19 
J-ZO 
J-23 
J-29 
J-30 

J-31 
J-33 

J-35 
J-37 
J-39 
J-42 
J-45 
J-48 
J-49 
J-51 
J-54 
J-56 
J-58 
J-60 
J-66 
J-91 



^Comments or statements 
EIS on April 30, 1986. 



received at public hearing held by DOE on the Draft 
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Table J-2. DOE responses to comments on Draft EIS 



Comment 
number 



Comments 



Responses 



AA-1 



I 

to 



TESTIMONY OF HENRY D. McMASTER, 
APRIL 30, 1986, BEFORE THE 
ALTERNATIVE COOLING WATER DRAFT EIS 
PUBLIC HEARING 

Thank you, ma'am. I'm very happy to have the 
opportunity to speak to you today on this issue, 
and appreciate your taking the time to conduct this 
hearing. I know the people of this area and of the 
state are very interested in the Savannah River 
Plant because it is a very important part of our 
state. 

There are just a few things that I'd like to say, 
and basically, this deals with the one alternative 
to the cooling towers, or any other form of cooling 
the water, and that is the irrigation system. It 
is a system which has been recommended for study by 
Clemson University and the Department of 
Agriculture, and I think as a private citizen, and 
also one interested in public affairs, I think that 
this is something that needs to be included in the 
Environmental Impact Statement, because I believe 
we must study the issue, here* to see if there 
aren't ways to put more back into the state; to 
have some more positive benefits flowing to the 
state than are presently flowing from the Savannah 
River Plant, and of course, those benefits now are 
substantial to the state and to the nation. But, 
we have a good opportunity, here, I believe, to do 
something positive for the state, for the State's 
economy, particularly in terms of the farm 
industry, the farm, the farmers. 

So those, briefly, that's what I had in mind. I'll 
say this: I think that instead of treating the 
huge amount of heated water and potential energy it 
represents - which is estimated to having a value 
of about a half a billion dollars a year - as a 
nuisance, and something we should worry about being 



DOE has incorporated a new appendix in this 
EIS (Appendix I) that addresses the 
feasibility of using the cooling water 
discharges from K- and C-Reactors for 
agricultural and aquacultural uses, 
industrial applications, direct power 
generation, and ethanol production. 



Table J~2. DOE responses to comments on Draft EIS (continued) 



Comment 

number Comments Responses 



disposed of, we should be studying the alternatives 
for harnessing this for future economic development 
of this area and the State of South Carolina, 
because it does provide some tremendous 
opportunities for us. There are many needs for 
heated water in various industries, Besides 
attracting new industries, this heated water could 
benefit the area farmers if used for inexpensive 
irrigation or crop drying. The nation's fuel 
consumers could benefit from the inexpensive 
production of ethanol this heat could produce, not 
to mention the area farmers who could produce the 
raw materi a i s t rom van ous row crops , i nc i uu i ng 
turnips, rutabagas, parsnips and all sorts of other 
things, that Clemson University has been talking 
about. 

In my opinion, I think what we should do is work to 
redefine the role of the Savannah River Plant. We 
c-. would all benefit if the bureaucratic red tape 

^ that's in all government, especially the Federal 

(^Qworrimgrit i t seems were cut and i f the bl i nders 
which narrow us to the potential benefits of this 
plant were taken off. I think that we cannot allow 
the opportunity that this resource — this hot 
water — presents to the people of this region, for 
economic growth, to be thrown away by the 
construction of very expensive water-cooling 
towers. Instead, we must look toward ways of using 
this energy to benefit all of the area's people; 
and the Savannah River Plant's role should be 
redefined in that fashion, I believe, so that it 
can make these additional major contributions to 
the economy and ecology of South Carolina. Sut» in 
a nutshell, this is what could happen: instead of 
taking this hot water and cooling it for later 
discharge into the river, we could have all sorts 
of things to be based upon that. I understand that 
the water from the present reactors is not hot 
enough to produce electricity. If a new production 
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reactor were built here — and I understand there's 
question about that — of course, that water would be 
hot enough; it could be used in that fashion to 
produce electricity and could possibly reduce 
heating bills about $200.00 per family around South 
Carolina, I am told. But, with the present 
reactors that we have, the hot water could be used, 
number one* to create ethanol which, of course, 
doesn't have the environmental problems associated 
with it of coal, and the regular gas-burning 
automobiles- And, also, that after the crops that 
are used, like parsnips, rutabagas and turnips that 
have a much higher starch and protein and sugar 
content than other crops that are used to make 
those — to make the ethanol — the residue could be 
used to feed hogs, for example, could be used for 
feed all around the state. So, you could have a 
whole industry developing of farmers growing these 
row crops that they can't grow, now, because it's 
too expensive to dry them, and they're about ninety 
percent water, and it's just too expensive to dry 
them in order to ship them around the country. So, 
people don't get into that. If we were to use the 
heat given off by the present system in that 
fashion, we could build up that farming industry, 
that part of the farming industry; create new 
industries for feeding hogs, things of that nature; 
and then, take the water and run it through, for 
instance, part of Allendale County. I'm told there 
are about 300,000 acres that could be irrigated 
there by the water, and it would be very helpful. 
As far as the new production reactor goes, which is 
not a question, here, I believe that if it is 
constructed, here, when it is constructed, here, it 
should also be viewed from these same viewpoints, 
to see if these types of positive benefits could be 
built into that system to benefit the people of 
this area. 
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TESTIMONY OF HEINZ J. MUELLER, 
APRIL 30, 1986, BEFORE THE 
ALTERNATIVE COOLING WATER DRAFT EIS 
PUBLIC HEARING 

AB-1 I'm Heinz Mueller. I'm with US EPA in Atlanta. Comments noted 
EPA is currently reviewing the draft Environmental 
Impact Statements to determine which of the 
alternatives provide the least impact to the 
environment. We will be submitting formal comments 
to DOE by mid-May, and we're primarily here today 
to listen to any comments and concerns. We 
appreciate the opportunity to participate. And 
that** r^allu all wp havp to sav todav. Thank vou . 
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TESTIMONY OF HARRY BUSBEE, 
APRIL 30, 1986, BEFORE THE 
ALTERNATIVFCOOLING WATER DRAFT EIS 
PUBLIC HEARING 

I am Harry Busbee, and I am Assistant to the 
Commissioner of Agriculture for the State of ouuui 
Carolina. I am representing Commissioner of 

Agriculture, Leslie Tindall, here today. 

I think you all realize the plight of the South 
Carolina farmer today, and when we are twelve or 
fifteen inches less water this year than we were 
last year, I think that we realize in agriculture 
how important the waste water at the Savananh River 
Plant can be to agriculture. We at the South 
Carolina Department of Agriculture would like to 
recommend to the Department of Energy and to the 
Savannah River Plant to consider including in the 
Environmental Impact Statement the use of 
irrigation and/or aquaculturai use o< 
means of heat abatement. I realize that this is a 
very complex issue and one not easily resolved. 
Your consideration in including irrigation and/or 
aquaculturai use of water as a means of heat 
abatement in the EIS would be greatly appreciated. 
Thank you. 






Responses 



DOE prepared a new appendix in this EIS 
(Appendix I) to address the feasibility of 
using the cooling water discharges from K- 
and C-Reactors for agricultural and 
aquacul tural uses, industrial appl i cat ions, 
direct power generation, and ethanol 
production. 
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TESTIMONY OF WILLIAM N. WHEELER, 
APRIL 30, 1986, BEFORE THE 
ALTERNATIVE COOLING WATER DRAFT EIS 
PUBLIC HEARING 

My name is William N, Wheeler. I am here on my own 
behalf and I have a statement to make in an effort 
to get an answer to a question. 



Any of the DOE informa 
past following through 
in L-Reactor gave cost 
breakdown of those cos 
as an engineer in the 
would be very curious 
of the estimates as fa 
expended. It is an ex 
and I think the public 
money should be spent. 



tion that I have seen in the 
with the late investigation 
figures, but they gave no 
ts; and having been employed 
fuel and power industry, I 
as to see the cost breakdown 
r as the money being 
tremely large sum of money; 
should be shown how the 
Thank you. 



The cost breakdown for cooling towers varies 
with the type of tower and the location 
selected. The following breakdown of costs 
for cooling tower systems under 
consideration was developed for, planning 
purposes. These percentages would range 
between the values presented when the final 
design has been approved. 

Mechanical draft, once-through or 
recirculating, towers 

1. Cooling tower, tower basin, tower 
foundations, tower preparation area, 
(leveling, grading) diversion boxes, 
pump pits and piping, 79 to 83 percent 
of the estimated cost. 

2. Electrical distribution upgrade, 
extension of power to tower site, and 
electrical control building at the tower 
site, 12 to 17 percent of the estimated 

w ■* *■ * 

3. Canals, headwalls, clearing and 
grubbing, access roads, chlorinated and 
dechlorination systems, including 
chemical storage, 3 to 6 percent of the 
estimated cost. 



*■ 
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CLravity-fed, once-through or recirculating 
towers 



1. 



2. 



3, 



i 



Cooling tower, tower basin, tower 
foundations, tower preparation area, 
(leveling, grading) diversion boxes, 
pump pits and piping, 71 to 83 percent 
of the estimated cost. 

Electrical distribution upgrade, 
extension of power to tower site, and 
electrical control building at the tower 
site, 7 to 19 percent of the estimated 
cost. 



Canals, headwalls, clearing and 
grubbing, access roads, chlorination 
dechlorination systems, including 
chemical storage, 10 to 13 percent of 
the estimated cost. 



Also see response to comment BC-6. 



and 
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TESTIMONY OF BART RUITER, 
APRIL 303 1986, BEFORE THE 
ALTERNATIVE COOLING WATER DRAFT EIS 
PUBLIC HEARING 

AE~1 I'd just Tike to say, my name is Bart Ruiter. I'm Comments noted 
with the South Carolina Department of Health and 

C.F1V 1 rurillien tai tuiuiui . nt? a i au arc tui ichlij 

reviewing the draft EIS and we should have our 
comments in by May 19th. That would be it. 
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TESTIMONY OF RICHARD HEGG, 
APRIL 30, 1986, BEFORE THE 
ALTERNATIVE COOLING WATER DRAFT EIS 
PUBLIC HEARING 



AF-1 



PUBLIC HEARING ON HEAT ABATEMENT 
PLANS FOR THE SRP 
April 30, 1986 
Aiken. SC 

Richard Hegg, Head, Agricultural Engineering Dept 
Clemson University, Clemson, SC 

I am aware of the proposed plan to construct a heat 
abatement facility at the Savannah River Plant. 
The purpose of this statement is to request that 
one option for this heat abatement should be 
irrigation on cropland, pastureland, and forest in 
the area of the Savannah River Plant. I feel this 
is a technically feasible option; therefore, it 
should be addressed by DOE and the Savannah River 
Plant. It is logical to utilize this resource, 
being a large volume of heated water, rather than 
building cooling lakes or cooling towers. The 
option of irrigation would be of benefit to South 
Carolina agriculture, and would show that the 
Savannah River Plant is interested in a project 
that would emphasize utilization of a resource. 
There are many points that would need to be 
addressed, such as legal, crops, climatic effects, 
surface water, ground water, wildlife, off-season 
use, social, economics, and the overall 
organization. It would be appropriate that a 
feasibility study be conducted, and I would be 
happy to work with those persons preparing an 
environmental statement, to work on this study of a 
large-scale irrigation project. There are 
scientists at Clemson University and professionals 
with state agencies within the state to adequately 
provide the necessary technical assistance. 



DOE prepared a new appendix in this EIS 
(Appendix I) to address the feasibility of 
using the cooling water discharges from K- 
and C-Reactors for agricultural and 
aquacultural uses, industrial applications, 
direct power generation, and ethanol 
production. 
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And to elaborate a little bit, I've talked with 
several people at Clemson regarding this, and 
contacts with other agricultural interests 1 n the 
state, and I believe this morning a representative 
of Les Tindall's office, the Commissioner of 
Agriculture, was here also expressing support of 
this idea. We feel that, as I pointed out, there 
may be many potential problems, but it certainly 
would be something that needs to be addressed. 
And, I am not aware that this option has been 
addressed or there will be a response to this 
question, but I would certainly like to know that. 
And, I feel that with the volume or the amount of 
money that would be invested in these cooling 
towers, that certainly a feasibility study prior to 
the initiation of that would be beneficial > and if 
it came out that it would not be practical, would 
not be feasible, that it would stand on that 
basis. But it certainly, we feel, would need to be 
V addressed. And I would encourage you to proceed on 

h- this, and I guess I would be waiting for a response 

10 from the representatives here, if I could be of 

help or make contacts as would need to be made. 
So, at that point, that concludes the comments I'd 
like to make. Thank you for the opportunity. 
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STATEMENT OF ROGER DALE WENSIL 



AG-1 



I 

h- 1 
to 



Roger Dale Wensil 
14 Creek Court 
Aiken, SC 29801 

My statement deals with the construction of this 
proposed cooling tower project as well as other 
construction, maintenance and operations activities 
on the Savannah River Plant. 

I would like to address this meeting about the 
problem of illegal drug use on the Savannah River 
Plant. 

We all know the nature of the work on the Savannah 
River Plant, and because of the potential dangers 
involved in this work, I say that if there is any 
place in the United States that should be 
drug-free, the Savannah River Plant is it. 

Drug users pose a terrible danger to us, whether 
they work in construction, operations, or 
maintenance. 



These comments are outside the scope of this 
EIS. 



You are being too lenient on these drug users. 
Your policy of rehabilitation for drug users is 
admirable, but I feel that for our protection, 
these people should be permanently removed from the 
Savannah River Plant. 

At present, people who are found to have drugs in 
their bodies on the Savannah River Plant are sent 
home for thirty days, and then are allowed to 
return to work. 

One of your chief responsibilities is the safe 
operation of this facility. By knowingly allowing 
known drug users to return to work on the plant 
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site, you are just as guilty as they Are in the 
event of an accident. In such an event, I feel 
that the courts of this land would find you, the 
Department of Energy, criminally negligent and 
liable for any damages done to us by these drug 
users. 

The South Carolina Electric and Gas Company and the 
Georgia Power Company have a policy that when a 
person is found to have drugs in their system while 
at work, they are fired and permanently barred from 
employment. 

I believe the citizens of Aiken County deserve at 
least the same protection as the citizens being 
protected by these companies. 

I say that for the protection of the people of this 
area that no construction, operation or maintenance 
c_t work should be done on the Savannah River Plant 

^ until this dangerous situation is corrected. 

These drug users have the potential to cause the 
most disastrous effect that can be imagined on the 
envi ronment . 

Fire these drug users and bar them from future 
employment. Replace them with people who realize 
the responsibilities that go along with a job on 
the Savannah River Plant. 

There are plenty of qualified people looking for 
jobs who would be glad to have the jobs that these 
drug users seem to have so "little regard for. 

I have deliberately not quoted the figures 
available to me concerning drug use on the plant 
site, but I think that if the people of this area 
were aware of what a serious problem you allow to 
exist on the site, it would scare the hell out of 
them. 
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I challenge DOE to report to the public on a 
regular basis the percentage of people, plant wide, 
who test positive in your drug abuse program, and 
what actions you take. Thank you. 



i 



Table J-2. DOE responses to comments on Draft EIS (continued) 



Comment 
number 



Comments 



Responses 



TESTIMONY OF RICHARD DICKISGN, 
APRIL 30, 1986, BEFORE THE 
ALTERNATIVE COOLING WATER DRAFT EIS 
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Draft Environmental Impact Statement 
Aiken, South Carolina 
April 30, 1986 

Comments of Richard Dickison 

Hot water from the Savannah River Plant should not 
be considered a waste product ; hut a useful 
by-product. Presently, the Sandoz Company in 
Allendale County is burning fuel oil to make hot 
water. The hot water from Savannah River Plant 
could be purchased by Sandoz or other companies to 
make American products more competitive. Allendale 
currently has a depressed economy. Low-cost 
industrial hot water could be the economic 
incentive needed to attract new industries to 
Allendale County and Barnwell County. 

Instead of spending in excess of a hundred million 
dollars to create a capital structure which turns 
an economically feasible raw material or source of 
low-grade heat into plain river water, the 
Department of Energy should explore the 
possibilities of piping the hot water to Allendale 
County for use in existing or new industries. It 
may well be feasible to construct an insulated pipe 
and associ a Led punipi ny faci ■ i ti es under tue cost oi 
constructing cooling towers, and, by marketing the 
hot water to industries, establish a reasonable 
pay-back period. Eventually, the sales of hot 
water could become a profit center for the 
Department of Energy. 

Certainly, the discussed plans using the hot water 
to produce ethanol and the spent water to irrigate 



DOE prepared a new appendix in this EIS 
(Appendix I) to address the feasibility of 
using the cooling water discharges from K- 
and C -Reactors for agricultural and 
aquacultural uses, industrial applications, 
direct power generation, and ethanol 
production. 



m 
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root crops used as the feed stock (sic) for the 
ethanol plant need to be fully explored before any 
construction of cooling towers begins. America 
needs jobs and Allendale and Barnwell Counties 
could certainly use the economic benefits created 
by new industry developed from farming and ethanol 
plants. 

Thank you. 

ADDITIONAL COMMENT: I have regretted that the 
ethanol plant has not so far been discussed in 
detail, and I suggest that a discussion of such a 
plant be included with the statements being 
prepared. Thank you. 



I 
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TESTIMONY OF FRANK WATTERS, 
APRIL 30, 1986, BEFORE THE 
ALTERNATIVE COOLING WATER DRAFT EIS 
PUBLIC HEARING 



AI-1 



I 

00 



I put my name down there to make sure that the 
subject that has already been discussed was going 
to be on the agenda and into the minutes, which was 
the utilisation of the energy source from the hot 
water. Both the gentlemen, Mr. Hegg, and the 
previous gentleman, here, recommended that the DOE 
study the use of the water as irrigation and also 
as a heat source for the proposed demonstration 
ethanol plant. I think it s s feasible. I l m quite 
familiar with quite a bit of what goes on at 
Savannah, having had thirty-one years' experience 
in it, and have studied the use of heat, for 
example, from spent fuel for irrigation or heating 
and other things. I know there are some problems, 
but I think those can be overcome by the 
double-containment system, which everybody should 
be familiar with. So, my only purpose was, getting 



my 






nut. iu uc 
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sure that the topics I was going to cover were 
covered, and they have been covered and I would 
second those recommendations. Thank you. 



DOE prepared a new appendix in this EIS 
(Appendix I) to address the feasibility of 
using the cooling water discharges from K- 
and C-Reactors for agricultural and 
aquacultural uses, industrial applications, 
direct power generation, and ethanol 
production. 
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TESTIMONY OF DIANE MAH0NEY t 
APRIL 30, 1986, BEFORE THE 
ALTERNATIVE COOLING WATER DRAFT EIS 
PUBLIC HEARING 

I have just one single question that I hope someone 
here can answer. Where does P-Reactor fall in all 
of this f and why has it been excluded in your 
consideration of cooling water alternatives? 
Specifically, can you tell me where ponds 1 through 
4, and pond C fall in all of this? Is there 
someone who is supposed to answer my question, or ? 



As stated on page 1-1 of Chapter 1 of the 
DEIS, discussions of P-Reactor are not 
within the scope of this EIS. This is 
because continued use of the recirculating 
cooling system for P-Reactor was approved by 
SCDHEC on May 14, 1987, based on Section 
316(a) and 316(b) studies conducted by DOE 
which demonstrated the existence of a 
balanced biological community in Par Pond. 



vD 
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TESTIMONY OF SAM "SCHILLACI 
APRIL 30, 1986, BEFORE THE 
ALTERNATIVE COOLING WATER DRAFT EIS 
PUBLIC HEARING 

AK-1 I was just going to state about the same thing I Comments noted 
stated last time, which you can read in the 
documents that went out. But, just to kind of 
briefly go over it, I'm a former employee with 
Savannah River Plant, and I was retired because of 
mental problems, and I question everybody here for 
listening to me, because I'm insane. But, that's 
beside the point. I did get a pension from the 
government, so I can't complain. O.K. My stress 
was brought on because of all the stress that the 
government, any government employee, can tell you 
about. Well, anyway, I had six months off without 
pay, and had time to think a lot, write, which I 
^ enjoy, and also I went into business for myself, 

ro which has been a plus for me. But, I'd like to 
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says, "I like to drink a lot," but that's wrong, "I 
like to think a lot." I do drink a little bit, not 
much, but, really, I can't complain. And see, the 
reason, because my insanity is because I talk to 
the powers that be. And this accident that 
happened recently, we really shouldn't worry, 
because mankind usually works itself out for the 
best. And all she's wondering about is she would 
like to have a pony someday, (sic) Way in the 
future, plus some land to ride it on. But, anyway, 
that's the insane part. The only thing different I 
wanted to add today, if I could, is read one of my 
short stories if that's possible. 

And I wrote it — I'd like to be a cartoonist 
someday, but I doubt if I am — I'll just show you, 
this is an album cover that — I'll show it to the 
back of the room, here it's a couple of men. And 
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they look like they're men from Earth, and that's 
the name of the album cover, but we've got a 
problem with the world today. There's a lot of men 
in the world, plus women. But, this is my short 
story about these two people that I made up. 

10/85-F 

THE KINGDOM OF SOD 
or 
A COUPLE OF SONS OF MEN 
FROM THE GEORGIA BACKWOODS 

"Hell, Luke, where abouts we be delivering all this 
god-durn hay?" 

I hate to be so dramatic, but I..,, 

JI Some durn fool wants it for the land and the 
Y stinking horses." 

h- "Luke, here I am suffering and dying while this 

here vomit feeds horses with our blood!" 

"I know, I'm sick and tired of it. Horses are for 
working, anybody can tell you that. Not for 
tickling somebody's underpanties. Even Will Rogers 
knew that an airplane would take him to heaven. 
There's just too many snakes in the heads 
nowadays. Hell, we're all just living on a dream 
and a prayer. Just like this god-durn government 
and this kingdom of sod or whatever it is these 
sons of gad preachers are talking about." 

JI Well, hell Luke, let's say we burn this god-durned 
hay, and then we get rid of that durned fool and 
take the land. Then, we could live in that durned 
farm house like we was virgins." 

Marco — that's the other guy's name, I named him 
Marco . 
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"I'm hungry for action. I'm sick and tired of this 
nowadays love* Let's get a moving." 

I speak crazy a lot, but to me it makes sense. 
But, anyway, I'd like to just stress to ttie 
government that they should really take their time 
with all their plans, and sometimes they think too 
much, and maybe a sabbatical will help some 
people. Who knows. It's up to the individual. I 
know it's not all for some people, they* re in it 
for the money. But, for other people like myself, 
I'm here for a good time. So, to end my story, 
here, I'll repeat my demands, but I've reduced them 
a little bit. I'll take a quarter of a million 
dollars, a reporter named Lois, and an Indian 
princess probably named Lily, and I don't care 
about going to New Zealand, because they've 
probably got reactors down there anyway, and I'll 
shut my mouth. But I think the plant won, because 
my father came to move me back to Birmingham. 
Thank you, I have been a thorn in the side of the 
plant, and they can attest to that, too. 
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TESTIMONY OF WILLIAM F. LAWLESS 
APRIL 30, 1986, BEFORE THE 
ALTERNATIVE COOLING WATER DRAFT EIS 
PUBLIC HEARING 



Review Comments: Alternative Cooling Water 
Systems DEIS (DOE/EIS-0121D) 

W. F. Lawless 
Assistant Professor of Mathematics 
Paine College 



C-4 
1 

to 



£ April 30, 1986 



Review Comments: Alternative Cooling Water 
Systems DEIS ( DOE/EIS-0 1 210) 



The recommendation of cooling towers in the 
Alternative Cooling Water Environmental Impact 
Statement represents a positive step forward. The 
Cooling Water EIS recommends a cooling water tower 
alternative instead of the cooling lake that was 
choosen for the L-Reactor. Nonetheless, this EIS 
is a highly technical document, but it has been 
written by experts for the purpose of informing a 
technically unsophisticated public about a subject 
few have the time, energy or inclination to 
val idate. 
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EIS statements are a step forward in their own 
right, because researchers with the inclination can 
delve into these studies. Yet> few researchers 
will review an EIS. Even fewer have the training 
to understand the doubly technical meanings, and 
still fewer have the experience to know what to 
look for unless they already work for the 00E. For 
example* during a recent talk in Las Vegas, I made 
a reference to the contaminated basins on the 
nearby Nevada Test Site. One person in the 
audience, a DOE contractor employee, denied that 
contaminated ponds were in use at the Nevada Test 
Site, However, a copy of the recent Nevada Test 
Site monitoring report, which discussed 
contaminated ponds at the site, resolved the 
issue. Whereas the experience and trainingwere 
available to offer insight into that situation, 
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different matter. No local independent group of 
qualified technical individuals in the Central 
Savannah River Area is paid to devote full time to 
a peer review of this EIS and to provide insight 
into what this EIS will mean to the citizens of 
this area. 



This EIS has received extensive independent 
review by several agencies and groups with 
specialized expertise in evaluating the data 
and impact assessments provided in the EIS. 
In developing the EIS, DOE utilized most of 
the reference material contained in the 
L-Reactor EIS, used standard methodologies 
and relied on scientific and other sources 
of data compiled from more than 200 publicly 
available documents that had been developed 
over the past 30 years, including data from 
ongoing studies. Selection of the 
alternatives discussed in the EIS was based 
on the Thermal M itigation Study that was 
submitted to the State of South Carolina as 
required by Consent Order and was 
subsequently approved. The environmental 
data utilized in the EIS to assess impacts 
was primarily derived from the 00E 
Comprehensive Cooling Water Study which was 
required by Consent Order with the State of 
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A lack of oversight can lead to 
continued use of obsolete pract 
The abuses and antiquated pract 
engineers and scientists at the 
Plant in the past have been wel 
examples: the cov&rup of corros 
high-level waste tanks; coverup 
contamination in turtles at an 
seepage basin and found off the 
commercial hog farm; the use o 
dispose of radioactive wastes; 
the Tuscaloosa aquifer and drin 
plant for at least two years wi 
Savannah River Plant employees 



abuses in the 
ices and equipment. 
ices used by the 

Savannah River 
1 documented. As 
ion-pitting in the 
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Savannah River Plant 
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the contamination of 
king water at the 
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South Carolina, As discussed in Chapter 5 
of the EIS, the State of South Carolina* the 
State of Georgia, the U.S. Environmental 
Protection Agency (Region IV) , the U.S. Fish 
and Wildlife Service (Region IV), and the 
U.S. Army Corps of Engineers participated in 
this study in a review and advisory capacity 

In addition, reviewing agencies provided 
comments on the scope of the EIS at a public 
hearing and on the draft EIS at a public 
hearing and during the 45 day public comment 
period. DOE provided working drafts of the 
EIS to the State of South Carolina and the 
U.S. Environmental Protection Agency (Region 
IV), met with their representatives, and 
incorporated their comments into the EIS, 
All required consultations with agencies on 
endangered species, historic preservation, 
habitat evaluation procedures, and permit 
requirements were completed and discussed in 
the EIS. 

A discussion of high-level waste, Savannah 
River Plant waste management practices, and 
containment of radionuclides is outside the 
scope of this EIS, 



Comment 
number 



Table J-2. DOE responses to comments on Draft EIS (continued) 



Comments 



abuses stopped only when the public began to find 
out about these practices performed by Department 
of Energy - Savannah River Plant engineers and 
scientists. But, many other abuses continue: for 
example, seepage basins, the lack of containment 
domes on the Savannah River Plant reactors; and the 
injection of solvents into the air at the Savannah 
River Plant, 



Responses 



AL-3 



When scientists and engineers operate in a 
bureaucracy behind closed doors without public 

Savannah River Plant, abuse is inevitable. When 
the public gains insight, the exposed abuses stop 
or are slowed. 



See response to comment AO-1 



I 



The Cooling Water Environmental Impact Statement is 
a difficult document to review within the alloted 
time, A competent technical review of this EIS 
should take three to six months, with qualified 
individuals that have the right to ask the 
Department of Energy questions and the right to 
have those questions answered. 

That last point is very important. Three weeks 
ago, on April 10, 1986, I was invited to Congress 
to discuss the new DOE rule on by-product 
management. The by-product rule redefines most 
radioactive waste as by-product exempt from EPA and 
state hazardous waste regulations. The by-product 
discussion was planned to include introductory 
statements from both the DOE and a second panel of 
which I was a member. The introductory statements 
were to be followed by questions from Congressional 
members of the subcommittee to both panels in order 
to debate the by-product rule before Congress, 
Although DOE made their initial presentation, DOE 
refused to honor its commitment to participate in 
an open discussion between the two panels. Three 
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DOE stay for the peer panel discussion, but to no 
avail. The Department of Energy walked out. 
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Secretary Herri ngton of the Department of Energy 
claims that the DOE environmental programs are 
aggressive and that DOE is doing a good job of 
protecting the environment. Admiral Foley, 
Assistant DOE Secretary for Defense Programs, 
stated at that April 10th Congressional hearing, 
that the public will be the ultimate judge of the 
waste management job done by DOE. He said this 
just before he and Mary Walker, who is DOE 
Assistant Secretary for Environment, Safety and 
Health, walked out of the meeting. If the DOE 
programs are aggressive as claimed by Secretary 
Herri ngton, the DOE should not be afraid to defend 
its work before the public. 

What is needed to properly review this cooling 
water environmental impact statement is a local 
independent peer review group composed of technical 
and non-technical members from the CSRA community 
affected by this and other EIS statements yet to be 
presented to the public. This peer review group 
should be funded by DOE through the State of South 
Carolina but remain independent of both. 
Precedents have been set in New Mexico at the WIPP 
facility and Oak Ridge* Both are as a result of 
lawsuits filed by the states* The peer review 
group would have the right to access any technical 
information or have their technical questions 
answered. EIS documents would be reviewed by the 
independent review group, and not presented to the 
public until their review was completed. 

For too long, scientists and engineers at the 
Savannah River Plant have held the upper band over 
information released to the public. This practice 
has led to abuses by an unchecked bureaucracy. 
Congress has drafted legislation that may lead to 
the end of this self-regulation by the DOE. 
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Comments 



Whenever scientists and engineers do not include 
the public in their decision making process, as in 
the self-regulation practiced by DOE, the public is 
held hostage to their work* Not only should such 
practices cease because the public is excluded, but 
because such practices are wasteful, and lead to 
wrong decisions — decisions that are too often 
destructive to the environment, the public, and the 
Savannah River Plant employees. 



An independent peer review group would provide an 
important check and balance to the work done at the 
Savannah River Plant. A local peer review group 
would establish a partnership between DOE and the 
public, and it would help improve the Department's 
credibility. When DOE describes its environmental 
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words. However, establishing an independent peer 
review group would give DOE a chance to put those 
words into action. In closing, I would hope that 
the day for self-regulated bureaucracies is almost 
over. Thank you. 



Responses 



Table J-2 . DOE responses to comments on Draft EIS (continued) 



Comment 
number 



Comments 



Responses 



STATEMENT OF RALPH F. CULLINAN 



AM-1 



STATEMENT ON COOLING TOWERS - RALPH F. CULLINAN. 

AIKEN, g.q. 

In my opinion, the outflow of Savannah River Plant 
reactor cooling water at elevated temperatures 
causes no damage while using the present set-up, 

Building cooling towers to remove this heat would 
represent a total waste of scarce taxpayer funds. 



AM- 2 



I 



If the energy in this cooling water could be 
harnessed by an agricultural or other process, it 
would produce a benefit rather than a depletion of 
economi c resources. 



Ralph F. Cullinan 
423 Homestead Lane 
Aiken, S.C. 29801 



The No Action consideration in this EIS is 
required pursuant to regulations of the 
Council on Environmental Quality for 
implementing the procedural provisions of 
the National Environmental Policy Act (40 
CFR 1500-1508). Chapters 2 and 4 of the EIS 
present and discuss both adverse and 
benefical impacts of the cooling water 
alternatives considered. 

DOE prepared a new appendix in this EIS 
(Appendix I) to address the feasibility of 
using the cooling water discharges from K- 
and C-Reactors for agricultural and 
aquacultural uses, industrial applications, 
direct power generation, and ethanol 
production. 
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STATEMENT OF SHERMAN R. ELLIS 

United States Department of the Interior 
Geological Survey 

U.S. Geological Survey, WRD 
1835 Assembly St., Suite 658 

t. w i wtiu i a -t -* > t- * t-jf-u i 

Mr. R. P. Whitfield 

Director, Envirnmental Division 

U.S. Department of Energy 

Savannah River Operations Office 

P.O. Box A 

Akin, South Carolina Z9802 

Dear Sir: 

Y" AN-l The Department of Energy Draft Environmental Impact Comments noted. 

u» Statement, "Alternative Cooling Water Systems, 

° Savannah River Plant, Aiken, South Carolina" 

(DOE/EIS-0121D) was reviewed by this office. We 

reviewed the water quality and hydrology sections 

of the chapters on Affected Environment and 

Environmental Consequences. 

The staff of this office has no technical questions 
on the water quality and hydrology sections. 

Sincerely, 



Sherman R, Ellis 
Hydrologist 



/kd 
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STATEMENT OF WILLIAM D. ANDERSON, JR 



Telephone 
Area 803 795-3716 

College of Charleston 
Grice Marine Biological Laboratory 
205 Fort Johnson 
Charleston, South Carolina 29412 

29 April 1986 



Mr. R. P. Whitfield, Director 
Environmental Division 
U.S. Department of Energy 
Savannah River Operations Office 
P. 0. Box A 



Y 1 Aiken, South Carolina 29802 



RE: DEIS for Cooling 

Water Systems 



Dear Mr. Whitfield: 



I have examined the Draft Environmental Impact 
Statement (DEIS) (D0E/EIS-0121D) entitled 
Alternative Cooling Water Systems. Savannah River 
Plant, Aiken, South Carolina, dated March 1986, and 
offer the following for your consideration. 

A0-1 Based on the data presented in the DEIS the The Record of Decision prepared by DOE on 

construction of recirculating cooling towers for C- this EIS will present the alternatives DOE 

and K- Reactors is by far the best alternative in considered in reaching its decision and will 

each case because it would result in a considerable specify the alternative(s) that were 

improvement in water quality and in the considered to be environmentally preferable, 
reestablishment of a large acreage of wetlands (ca. 
1500 acres, according to Tables 2-10 and 2-11). 
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Comment 
number 



AO-2 



AO-3 



I 



Comments 



Although the estimated costs of construction are 
higher for recirculating towers than for 
once-throuah coolina towers for C- and K- Reactors 
($153 million vs. $92-109 mi lion), the estimated 
operating costs for recirculating towers for both 
reactors is considerably less {$1 million per year 
vs. $3.8-6.2 million per year). The additional 
outlay required for construction of recirculating 
towers would be paid for in 8.5 to 22 years in 
savings generated by lower operating costs. 
Thereafter the operation of recirculating towers 
would save $2.8-5.2 million per year. 
(Calculations are based on data provided in Tables 
2-10 and 2-11.) 

The alternatives for D-Area, increased flow with 
mixing or direct discharge to the Savannah River, 
are more difficult to evaluate. The preservation 
of habitat for the American alligator and wood 
stork which would result from the alternative of 
"increased flow with mixing" perhaps outweighs the 
complete elimination of all thermal discharges to 
Beaver Dam Creek which would result from "direct 
discharge to the Savannah River." 

In any event I strongly recommend that 
recirculating towers be constructed for C- and K- 
Reactors and that one of the two alternatives — 
increased flow with mixing or direct discharge to 
the Savannah River — be implemented for D-Area. 

I appreciate being given an opportunity to comment 
on the DEIS. 



Responses 



The operating life of the reactors is 
assumed to be 15 years after cooling towers 
are built* The calculations in comment AQ— 2 
do not include the greater production loss 
for recirculating cooling towers than for 
once-through cooling towers. The life cycle 
costs which include capital expenditure, 
operating costs, and production losses 
indicate that a gravity-fed natural draft 
once-through cooling tower is most 
economical. Also see response to comments 
AD-1 and BC-5 for cost components and 
present worth analysis. 



See response to comment AO-1. 



Yours very truly. 

William 0. Anderson, Jr 
Professor of Biology 



WDA/fb 
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STATEMENT OF BRUCE RIPPETEAU 



University of South Carolina 
Columbia, S.C. 29208 



The South Carolina Institute of 
Archaeology and Anthropology 
(803) 777-8170 



April 22nd, 1986 



Mr. R, P. Whitfield, 

Di rector, 

Envi ronmental Divi si on, 

U. S. Department of Energy, 

Savannah River Operations Office, 

Post Office Box A, 

Aiken, SC 29802 



uj RE: EIS-8604-008 

Dear Mr. Whitfield 



AP-1 I have received and reviewed your Draft Comments noted 

Environmental Impact Statement, Alternative Cooling 
Water Systems, Savannah River Plant EIS-8604-008. 
I would like to congratulate you and your 
Department of Energy and Savannah River Plant staff 
on its qual i ty- 

The document is an excellent example of the proper 
attention to both archaeological and historical 
resources under the provision of an environmental 
impact statement. 

Since the archaeological studies were completed by 
the Savannah River Plant Archaeological Resource 
Program staff in an ongoing contract arrangement 
with us at the South Carolina Institute of 
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Comment 
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Archaeology & Anthropology at the University of 
South Carolina. I will not comment on this portion 
of the statement. An independent state agency 
review will be made by the South Carolina 
Department of Archives & History, in their capacity 
as the State Historic Preservation Officer, 
commenting under Federal Regulation to the 
Department of Energy. I await their comments with 
i nterest * 

Sincerely, 

Bruce Rippeteau, 

Di rector, 

State Archaeologist 



I 

4> 



BER/mn 

cc: Mr. Danny Cromer, State Clearinghouse, 
Mr. Glen Hansen, Head, SRP Archaeological 

Resources Program 
Dr. Charl es Lee, State Hi ston c Preservation 
Officer 
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STATEMENT OF J. LEONARD LED8ETTER 



Georgia Department of Natural Resources 

205 Bulter Street, S.E., Suite 1252 t 

Atlanta, Georgia 30334 

J. Leonard Ledbetter, Commissioner 

404/656-3500 



May 5, 1986 



I 



AQ-1 



Mr. R. P. Whitfield, Director 

Envi ronmental Division 

U. S. Department of Energy 

Savannah River Operations Office 

P, 0, Box A 

Aiken, South Carolina 29802 

Re: 



Draft Environmental 
Impact Statement 
Alternative Cooling 
Water Systems 
Savannah River Plant 



Dear Mr. Whitfield: 



We have reviewed this draft EIS dated March 1986, 
Although Georgia is concerned with any activity 
which can affect the Savannah River, most of the 
thermal effects from the Savannah River Plant 
cooling water discharges occur in South Carolina, 
and these discharges are regulated by the South 
Carolina Department of Health and Environmental 
Control (SCOHEC). Therefore, we will not make 
specific recommendations among the alternatives 
considered. We do expect that the Department of 



The Department of Energy prepared this 
environmental impact statement to fulfill 
requirements pursuant to the National 
Environmental Policy Act — as identified in 
the current Consent Order with the South 
Carolina Department of Health and 
Environmental Control — in attaining 
compliance with South Carolina's Class B 
water classification standards. 
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Energy will cooperate with the SCDHEC in taking all 
necessary action to protect water quality in the 
Savannah River and to maintain a healthy ecological 
system. 

Sincerely, 

J. Leonard Ledbetter 
Commi ssi oner 

JLL:mck:036 
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STATEMENT OF RICHARD W. RILEY 



State of South Carolina 
Office of the Governor 



Richard W. 

Governor 



Riley 



Post Office Box 11450 
Columbia 29211 



I 



AR-1 



May 8, 1986 

The Honorable John S. Herrington 

Secretary of Energy 

United States Department of Energy 

Room 7A-257 

1000 Independence Avenue, SW 

Washington, D.C. 20585 

Dear Secretary Herrington: 

I am writing to express my support for the Draft 
Environmental Impact Statement (EIS) on alternative 
cooling water systems for the Savannah River Plant* 



The cooling towe 
properly protect 
comply with fede 
regulations. My 
recycling cool in 
natural resource 
water would be d 
less habitat wou 
basin. However, 
would al so be ac 



rs proposed in the Draft EIS should 

the region's water supply, and 
ral and state laws and 

staff has informed me that 
g towers are preferrable from a 

management standpoint, as less 
rawn from the Savannah River and 
Id be flooded in the Steel Creek 

other cooling tower alternatives 
ceptable. 



I am pleased that state and federal officials can 
agree on the need for alternative cooling water 
systems. Such cooperation should enable private 



Comments noted. 
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developers to more clearly see the need to follow 
state and federal laws when other portions of the 
Savannah River Basin are developed. 

Yours sincerely, 

Richard W. Riley 

RWR:bd 

cc: Mr, R* Lewis Shaw 
Mr. R, P. Whitfield 



Comment 
number 



Table J-2. DOE responses to comments on Draft EIS (continued) 



Comments 



Responses 



STATEMENT OF RICHARD 0. HEGG 



I 



Clemson University 

College of Agricultural Sciences 
Department of Agricultural Engineering 

May 14, 1986 

Mr, R, P, Whitfield, Director 
Envi ronmental Division 
US-DOE, SRP Office 
P.O. Box A 
Aiken, SC 29802 

Dear Mr. Whitfield:, 

AS-1 I am writing to request that DOE-SRP evaluate the 
feasibility of using the cooling water from the C 
and K reactors for agricultural purposes* After 
discussions with several persons at Clemson 
University, DOE in Washington, S.C. Commissioner of 
Agriculture, and others, it certainly seems worth 
making an evaluation to assess the legal* 
technical, and economic feasibility of such a 
project. S.C. agriculture is very depressed 
presently and will probably continue to be so in 
the near future. This resource (400,000 gpm of 
warm water) could be used by agriculture to 
increase crop yields or make it possible to grow 
alternative crops that will give a higher net 
return to the farmers. 

There are many factors that need to be considered. 
Legal aspects such as land application of water 
which may contain some radioactive contamination, 
SCDHEC requirement that water be cooled to 90°F or 
within 5° of ambient at the plant, consumptive use, 
and interbasin transfer of water for irrigation, 



DOE prepared a new appendix in this EIS 
(Appendix I) to address the feasibility of 
using the cooling water discharges from K- 
and C-Reactors for agricultural and 
aquacultural uses, industrial applications, 
direct power generation, and ethanol 
production. 
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etc. have to be addressed. It is also necessary to 
evaluate the effects of the reactors being 
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of crops grown and whether a backup irrigation 
water supply is needed. During winter some other 
use, such as greenhouses or aquaculture, may be an 
ideal way to utilize the water. 

A major assessment of social and economic factors 
involved will be needed. If such a source of water 
is made available to agriculture, an organization 
would need to be formed to distribute, maintain. 
operate, allocate water, etc. for the system. 
Makeup and operation of such an organization would 
have to be developed with input from Federal, 
state, and county officials and the ultimate user, 
the farmer. 

The cost of constructing various phases of such a 
project would have to be estimated. Costs would 
£ include distribution canals or pipes, pumps, 

w meters, roads, bridges, etc. The environmental 

impacts on crops, soil, wildlife, surface and 
groundwater would also need to be evaluated. 

The above items are a few of many that need to be 
included in such a feasibility study. Due to the 
size of the resource (cooling waer) and the needs 
of S.C, agriculture, I feel a study should be made 
and estimate the cost of a 6-9 month study at 
approximately ^i3u,uuu. mis snuuiu ut uune oy 
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DGE-SRP as part of the EIS with input from Clemson 
scientists in the College of Agricultural Sciences 
and other state agencies. 



Sincerely , 

Richard 0. Hegg, Head 

Agricultural Engineering Department 

lw 

xc: Lee Thomas, Administrator, US-EPA 

L. P. Anderson, Dean, College of Agriculture, 

Clemson University 
Admiral Foley, DOE, Washington, DC 
Les Tindal, S.C. Commissioner of Agriculture 
Senator Strom Thurmond 
Senator Ernest Hollings 
Representative Carroll Campbell 
^ Representative Butler Derrick 
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STATEMENT OF CHARLES E. LEE 

South Carolina Department of Archives and History 

1430 Senate Street 
Columbia, S.C. 

P, 0. Box 11,669 

Capitol Station 29211-1669 

803-758-5816 

May 9> 1986 

Dr. Robert J. Stern 

U.S. Department of Energy 
Office of Environmental Guidance 
(EH-23) Room 3G-092 Forrestal Building 

IUUU liiucpciiucuvc n»t* j ■"" 

Washington, D.C. 20585 

u 

j> Re: Draft EIS 

f Alternative Cooling Water Systems 

Savannah River Plant 

EIS-8604-008 < 

Dear Dr, Stern: 

Thank you for the opportunity to review and comment 
on the Draft EIS for the proposed Alternative 
Cooling Water Systems at the Savannah River Plant 
in South Carolina. A copy of the Draft EIS was 
provided to us by the State Clearinghouse. 

As the State Historic Preservation Office, our 
concern is whether the proposed project will have 
an effect on cultural resources eligible or 
potentially eligible for inclusion in the National 
_ Register of Historic Places. The cultural 

resources survey for those areas affected by the 



L 
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AT-1 



I 



cooling water discharge of the C- and K-Reactors 
and the D-Area has been provided to us under 

separate cover by the Savannah River Plant. 

■1 
t 

We note that 65 archaeological sites were 

identified along the banks of Beaver Dam and Four 

Mile Creeks and Pen Branch; we concur with the 

assessment of National Register eligibility for 23 

of these archaeological sites. Since these 

National Register eligible sites will not be 

directly affected by construction of the 

alternative water cooling systems at the C- and 

K-Reactors and the D-Area, it is our opinion that 

the construction presently proposed will have No 

Adverse Effect on National Register eligible 

sites. Our determination of No Adverse Effect is 

contingent on the condition that the discharge 

water levels into Beaver Dam and Four Mile Creeks 

and Pen Branch be monitored on a regular basis to 

ensure that these significant cultural resources 

are not affected by inundation and/or erosion. 



DOE, as part of its monitoring program of 
the onsite streams, will monitor flows in 
Beaver Dam, Four Mile, and Pen Branch Creeks 
on a regular basis. Should evidence of 
erosion occur on any archaeological site, 
DOE will notify the SHPO. 



AT-2 If the Department of Energy concurs with the SHPO's 
determination of Conditional No Adverse Effect, 
then the Advisory Council on Historic Preservation 
should be provided the opportunity to comment. A 
copy of this letter should be included as evidence 
of DOE's consultation with the SHPO. 

The Federal regulations for the protection of 
historic properties (36 CFR Part 800) require that 
the Federal agency official in charge of a 
federally funded or licensed project consult with 
the appropriate State Historic Preservation 
Officer. The regulations do not relieve the 
Federal agency official of the final responsibility 
for reaching an opinion of his own as to whether or 
not historic values have been taken into account in 
allowing the project to proceed. The opinion of 



A letter of concurrence has been received 
from the Advisory Council on Historic 
Preservation. See comment AZ-1 concerning 
the no objection to a determination of "no 
effect" from the Advisory Council on 
His tori c Preservati on. 
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the State Historic Preservation Officer is not 
definitive, either by law or by established Federal 
procedure. In reaching a conclusion of his own, 
the Federal agency official may well wish to 
consult other experts. 

The above comments are made in accordance with 
Secti on 106 of the Nationa i Hi s tori c r reservation 
Act and the regulations codified at 36 CFR Part 
800. If you have questions, please do not hesitate 
to contact Ms. Nancy Brock* Environmental Review 
Specialist, or Ms. F. Langdon Edmunds, Historic 
Preservation Protection and Planning Head t at (803) 
758-5816, 

Sincerely, 

Charles E. Lee 
State Historic 
*-* Preservation Officer 

-o 

■^ cc: Mr. R. P. Whitfield 

Savannah River Plant 

Mr. Glen Hanson 
SCIAA 

Mr. Danny Cromer 
State Clearinghouse 

Ms . Tri sh Jerman 

Office of Energy and the Environment 

Mr, Ron Anzel one 
Advi sory Council 

Dr. Bruce E. Rippeteau 
State Archaeologist 
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4> Dear Dr. Stern: 



STATEMENT OF DANNY L. CROMER 



State of South Carolina 

Office of the Governor 

Richard W. Riley Office of Executive 

Governor Policy and Programs 

May 15, 1986 



Dr. Robert J, Stern 

Di rector 

Office of Environmental Guidance 

United States Department of Energy 

Room 3G-092 

1000 Independence Avenue, S.W. 

Washington, D. C. 20585 



The South Carolina Project Notification and Review 
System (SCPNRS) has conducted an intergovernmental 
review on the Draft Environmental Impact Statement 
on Alternative Cooling Water Systems at the 
Savannah River Plant in Aiken, South Carolina, The 
intergovernmental review was conducted through the 
review system established under the authority of 
Presidential Executive Order 12372, 
"Intergovernmental Review of Federal Programs 11 . 
All comments received by this office are enclosed 
for your use . 

AU-1 While no correspondence has been received DOE is exempt from intergovernmental review 

indicating this direct federal development is not regulations^y virtue of national security 
subject to Department of Energy intergovernmental considerations, 
review regulations promulgated at 10 CFR Part 1005, 
this office assumes the proposed activity is exempt 
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from the referenced regulations by virtue of 
national security considerations. If this 
assumption is incorrect, please advise. 

The only comment received by this office expressing 
a concern regarding the referenced Draft EIS is 
from the South Carolina Department of Archives and 
AU-2 History. Therefore, the regular monitoring of See response to comment Al-I 
discharge water levels into Beaver Dam and Four 
Mile Creeks and Pen Branch is strongly encouraged, 
as per the enclosed conditional determination of No 
Adverse Effect from the South Carolina Department 
of Archives and History, 

The State Application Identifier number for this 

project is EIS-86G4-G08. This number should be 

used in any future correspondence with this office 

regarding this proposal. The State of South 

Carolina is appreciative of the opportunity to 
Y 1 review this proposed activity, and looks forward to 

h- reviewing the Final EIS upon its completion. If I 

°" may answer any questions, or be of further service 

in any way, please do not hesitate to contact me at 

(8tt3) 758-2417. 



L 



r * _ -.1 .. 



Danny L. Cromer 

State Single Point of Contact 

Intergovernmental Revi ew 

Enclosures 
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cc; Hr. R. P. Whitfield 
Savannah River Plant 

Ms . Suzanne Rhodes 

Governor's Division of Energy and the 
Envi ronment 

Hr. Charles Lee 

South Carolina Department of Archives and 
Hi story 
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STATEMENT OF HILARY J. RAUCH 

Department of Energy 
Chicago Operations Office 
9800 South Cass Avenue 
Argonne, Illinois 60439 

May 20, 1986 

R. P. Whitfield, Director 
Envi ronmental Di vi si on 

O .__L n ' f\ i. I nnr- rt-f-f-Sr-n 

JdVdlHIdM River U|jeianun3 vi i i tc 

SUBJECT: SAVANNAH RIVER PLANT DRAFT ENVIRONMENTAL 
IMPACT STATEMENT (EIS), "ALTERNATIVE COOLING WATER 
SYSTEMS" - AIKEN, SOUTH CAROLINA (D0E/EIS-Q121D) 

AV-1 We have reviewed the subject document to identify Comments noted 

V 1 any items to be addressed at the upcoming hearing 

£- or incorporated in the final EIS. We have no 

00 conunents = 

Thank you for the opportunity to review the 
document. If you have questions, contact Jerry 
Nelsen, Operational and Environmental Safety 
Division, on FTS 972-2256. 

Hilary J. Rauch 
Manager 
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STATEMENT OF THOMAS F. HARTNETT 



Congress of the United States 
House of Representatives 
Washington, DC 20515 



May 8, 1986 



I 



The Honorable John S, Herri ngton 
Secretary of Energy 
1000 Independence Ave. SW 
Washington, D.C, 20585 

Dear Mr. Secretary: 

AW-1 I am writing in regard to the possibility of 

alternative uses for the cooling water from nuclear 
reactors at the Savannah River Plant, 

As you know, Senator Thurmond recently sponsored a 
meeting that produced an open discussion among 
several of the principals who are considering the 
viability of these alternative uses, Mr. Fred 
Christensen, a participant of the meeting and a 
retired engineer at the Savannah River Plant, 
remained quite dismayed at the reaction by the 
representatives of the Department of Energy toward 
his ideas for usage of the cooling water. 
Specif ically, he stated that he could not 
understand why $100 million can be set aside for 
the construction of cooling towers, but one tenth 
of one percent of this amount cannot be allocated 
for a study into the effectiveness of alternative 
applications for the cooling water. Therefore, for 
my own clarification, I would greatly appreciate 
hearing your response to Mr, Christensen's proposal 
to study the logistics of irrigation as an option 
to heat abatement. 



DOE prepared a new appendix in this EIS 
(Appendix I) to address the feasibility of 
using the cooling water discharges from K- 
and C-Reactors for agricultural and 
aquacultural uses, industrial applications, 
direct power generation, and ethanol 
production. 



C-4 
I 

O 



Table J-2, DOE responses to comments on Draft EIS (continued) 
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As always, thank you for your time and 
consideration. With kind regards, I am 



Sincerely, 

Thomas F, Hartnett, M,C 



TFH/bu 
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STATEMENT OF BUTLER DERRICK 



Congress of the United States 
House of Representatives 
Washington, D.C. 20515 



M: 



iajr 



1A 






I 



AV_1 



Mr. R.P. Whitfield, Director 

Envi ronmental Divi si on 

U.S. Department of Energy 

Savananh River Operations Office 

Post Office 8ox A 

Aiken, South Carolina 29802 

Dear Mr. Whi tfield: 

This is in reference to the recently issued Draft 
Environmental Impact Statement (DEIS) concerning 
Alternative Cooling Water Systems, Savannah River 



i i air i. 
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At the outset, let me note that I am pleased to 
learn that the Department of Energy (DOE) is moving 
forward to implement alternative cooling water 
systems in order to bring the C and K production 
reactors at the Savannah River Plant (SRP) into 
compliance with the National Pollutant Discharge 
Elimination System (NPDES) permit issued by the 
South Carolina Department of Health and 
Environmental Control (DHEC). I appreciate 
receiving a copy of the DEIS for review of this 
matter, 

Durin" the recent public hearings in Aiken. South 
Carolina, on this DEIS, I understand several 
witnesses addressed the issue of potential uses of 
the water discharged from the C and K reactors for 



00E prepared a new appendix in this EIS 
(Appendix I) to address the feasibility of 
using the cooling water discharges from 
K- and C-Reactors for agricultural and 



laoie j-£. uut responses to comments on Draft tIS (continued) 



Comment 

number Comments Responses 



r^ 



agricultural purposes such as irrigation. aquacultural uses, industrial applications, 

Moreover, this is an option which has been publicly direct power generation, and ethanol 
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studies have been undertaken recently to fully 
evaluate the merits of the proposal. 

My purpose is writing, therefore, it to suggest 
that a full evaluation of potential agricultural 
uses of this discharge water, particularly for 
irrigation purposes, be undertaken as part of your 
review of alternatives to mitigate the 
environmental impacts of the thermal discharges as 
mandated by the National Environmental Policy Act 
of 1969. Specifically, I request that a 
Supplemental Draft Environmental Impact Statement 
be issued on this proposal, which is a significant 
al ternati ve to the proposed mi ti gati on presented i n 
your OEIS, 

^ It is my understanding that a meeting was recently 

Ln held in Washington, D.C. with the Assistant 

Secretary for Defense Programs, Department of 
Energy (DOE). While this meeting was conducted at 
the staff level (a member of my staff was in 
attendance) it is my understanding that the general 
consensus from the meeting was that the potential 
agricultural uses of this waste water warranted 
further and comprehensive study. 

Moreover, I am not in a position to evaluate nor 

[^Oii UH LilC LCtlllllLOl , HCQI 111 £11 IU CIIV I I UINIIC1I LO 1 

safety aspects of this proposal. I believe, 
however, that the Department of Energy is in a 
unique position to supply the requisite personnel 
and resources to preform a full analysis of this 
subject. And the Environmental Impact Statement 
process is the logical framework in which to 
conduct such a study. 



Table J-2, DOE responses to comments on Draft EIS (continued) 



Comment 
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Thank you for your time and consideration in the 
above. Please let me know if I may be of further 
assistance to facilitate your review of this matter. 

With kindest regards, I am, 

Respectful ly, 

Butler Derri ck 
Member of Congress 

D/ht 
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STATEMENT OF JOHN C. VILLFORTH 



Department of Health & Human Services 

Public Health Service 

Food and Drug Administration 

RockviUe MD 20857 



I 

4> 



May 19, 1986 

Mr. R. P. Whitfield 

Director, Environmental Division 

Department of Energy 

Savannah River Operations Office 

P.O. Box A 

Aiken, South Carolina 29802 

The Center for Devices and Radiological Health 
staff has reviewed the Draft Environmental Impact 
Statement (DOE/EIS-0121 0) on Alternative Cooling 
Water Systems, Savannah River Plant, dated March 
1986. Our effort is primarily directed to an 
evaluation of the public health and safety impacts 
associated with the proposed alternative cooling 
water systems for C- and K- reactors and the D-area 
coal-fired powerhouse. We have the following 
comments to offer: 



AY-1 



1. The discussion in Chapter 4 and Appendix D have 
adequately assessed the radiological releases 
to the environment and the potential impact on 

i rtHiuifJual 3nH nnnulatinn HnCQ f n 
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water alternatives for the C- 



and 



K- reactors. 



There is no impact for cooling water 
alternatives for the D- area since there are no 
radiological releases. 



Comments noted 



Table J-2. DOE responses to comments on Draft EIS (continued) 
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2. The environmental pathways identified in 
Appendix G (Figure G-l) cover all possible 
emission pathways that could impact on the 
population in the environs of the Savannah 
River Plant. The radiation dose calculation 
methods and assumptions presented in Appendix D 
have provided reasonable estimates of annual 
dose to the maximally exposed individual and 
collective dose to the population within the 
80-kilometer area from operation of alternative 
cooling water systems for the C- and K- 
reactors. Results of these calculations are 
shown in Appendix 0, Tables G-7 through G-38, 
and indicate that the doses are minimal and are 
well within current radiation protection 
standards. 

3. It appears from our review of this Draft 
Environmental Impact Statement that the 

^ radiological dose changes are not significant 

tn compared with the doses resulting from existing 

^ operations. Thus, because of these low 

radiation related impacts, it is concluded that 
either once through cooling towers or 
recirculating cooling towers would be 
acceptable and that the choice of alternatives 
should not be based on radiological 
considerations. We believe that this 
conclusion is valid from a public health and 
safety viewpoint and is justified by the 
technical assessment of the radiological impact 

Thank you for the opportunity to review and comment 
on the Draft Environmental Impact Statement. 

Sincerely t 

John C. Vill forth 
Di rector 

Center for Devices and 
Radiologi cal Health 



Table J-2. DOE responses to comments on Draft EIS (continued) 



Comment 

number Comments Responses 



^ P.O. Box A 

Ln Aiken, SC 29802 
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STATEMENT OF DON L. KLIMA 



nu» i j u i jr 

Council on 
Hi storic 
Preservation 

The Old Post Office Building 

1100 Pennsylvania Avenue, NW, #809 

Washington, DC 20004 

Mav 21 . 1986 



Mr. R. P. Whitfield 

Di rector , Environmental Division 

Department of Energy 

Savannah River Operations Office 



REF: Draft Environmental Impact Statement, 
Alternative Cooling Water Systems 
Savannah River Plant, Aiken, South Carolina 

Dear Mr. Whitfield: 

AZ-1 We have reviewed the referenced document, including Comments noted. The South Carolina State 
its Appendix E. The discussion of historic and Historic Preservation Officer concurs with 
archeological properties and effects on them the "no effect" determination. See comments 

appears uiuruugn ana cuiiip iete. Ddbtu un lhc m — i mm m — *. . 

information provided, we would have no objection to 
a determination of "no effect" for Archeological 
site 38BR450 in relation to any increased flows in 
the Beaver Dam Creek (D-Area) under that 
alternative of the cooling water systems being 
considered. Please ensure that the South Carolina 
State Historic Preservation Officer has no 



I 
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objection to such a determination. In the event he 

does fijrt 

necessary. 



rin*>^ fnrfhor riicniccinnc uifh ¥\ia Cn,,n^iA ..i^i il ft k-_ 



We appreciate your continued cooperation on the 
various projects at the Savannah River Plant, 
Should you or your staff have any questions, please 
contact Staff Archeologist Ronald D. Anzalone at 
202-786-0505 (an FTS number). 

Si ncerel y , 

Don L. Klima 
Chief, Eastern Division 
of Project Review 
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Comment 

number Comments Responses 



STATEMENT OF DAN M, MAULDIN 



Department of the Army 
South Atlantic Division* Corps of Engineers 
510 Title Building, 30 Pryor Street. S.W. 
Atlanta, Georgia 30335-6801 



May 19, 1986 



Reply to 
Attention of: 



Planning Division 

SUBJECT: Cooling Water EIS 

Mr. R. P. Whitfield 

Director, Environmental Division 
Y" U.S. Department of Energy 

L/i Savannah River Operations Office 

w Post Office Sox A 

Aiken, South Carolina 29802 

Dear Mr, Whitfield: 

This is in response to your letter of March 28, 
1986, to Brigadier General C. E. Edgar III 
requesting our review of the Draft Environmental 
Impact Statement, Alternative Cooling Systems, 

r i_ n:..__ m *.***, a : i, A « cr /nnr/tTC fllOin\ 
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We have reviewed the document and offer the 
following comments: 

a. While we may understand the reasons for 

eliminating the alternative of cooling ponds, 
it may not be as readily apparent to other 
BA-1 readers. It is suggested that a more detailed DOE initially identified 22 possible 

account of discussina enaineerinq, economic, alternative cooling water systems that would 



Table J-2. DOE responses to comments on Draft EIS (continued) 



Comment 
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I 



and environmental reasons for dropping the 
alternative be provided. For example, the high 
cost of preparing the dam foundation, the 
wetland habitat loss involving an endangered 
species, the fact that DOE is already 
compensating for habitat loss due to Steel 
Creek Dam, and the operational constraints 
imposed by a cooling pond are all factors which 
should be discussed as affecting the choice of 
the al ternati ve. 

b. Appendix A does not fully convince the reviewer 
that dams are not a viable option. Further 
explanation should be provided. 

The opportunity to review the document is 
appreciated. 

Sincerely, 

John W. Rushing for 

Dan M. Mauldin 

Chief, Planning Division 



be implemented for K- and C-Reactors and 
four alternatives for the D-Area 
powerhouse. Subsequently, using a 
structured screening process, DOE identified 
those that would be reasonable to 
implement. The screening process, which 
included detailed engineering, economic and 
environmental assessments of each 
alternative, was documented in the Thermal 
Mitigation Study (DOE, 1984) that was 
submitted to SCDHEC under Consent Order and 
subsequently approved. Appendix A is a 
synopsis of the detailed screening process 
provided in the Thermal Mitigation , Study and 
provides a brief rationale for alternatives 
that were considered in the EIS. Appendix A 
references the Thermal Mi ti gat ion Stmly. 
(DOE, 1984) for a detailed evaluation of 
al ternatives. 
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I 



STATEMENT OF JAMES A. JOY, HI 

$Qijth rarnjina nAnartfnpri t Of f"(ea? th 

and Environmental Control 



2600 Bull Street 
Columbia, S,C, 29201 



Commissioner 
Robert S. Jackson, 



Jr, 



Board 
Moses W. Clarkson, 

thai rman 
Gerald A, Kaynard, 
M.D. Vi ce-Chai rman 

Oren L. Brady, Jr. , 

Secretary 
Barbara P. Nuessle 
James A. Sprui 11 , Jr, 
William H. Hester, M.D. 
Euta H. Colvin, M.D. 



June 6, 1986 

W. E. Wisenbaker 

Department of Energy 

Savannah River Operations Office 

P.O. Box A 

Aiken, S,C. 29802 

Re: Draft Environmental 
Impact Statement (DEIS) 
Alternative Cooling 

Water Systems Savannah 
River Plant - General 

Dear Mr. Wisenbaker: 

The South Carolina Department of Health and 
Environmental Control has completed its review of 
the above referenced document received March 31, 
1986. The Department has the following comments 
concerning the DEIS. 



Table J-2. DOE responses to comments on Draft EIS (continued) 



Comment 
number 



Comments 



Responses 



BB-1 



! 



BB-2 



The impact of total residual chlorine on the 
receiving stream needs to be further discussed 
because it may effect the alternative selected 
(i.e., dechlorination vs ponds after the cool- 
ing towers). It should be noted that the 
Ambient Water Criteria for Chlorine Document 
(EPA/5-40^030) recommends a total residual 
chlorine of 11 ug/1 for an instream concen- 
tration. Since the reactor cooling water is 
basically the stream, the discharge of these 
waters would need to meet 11 ug/1. If it is 
felt by SRP that a higher total residual 
chlorine is warranted other than that above, we 
would like this topic to be further discussed 
and justified in the FEIS. It should be noted 
that a mixing zone other than immediately at 
the outfall will not be considered. 

Does SRP plan to use corrosion inhibitory 
compounds and/or additional biocides other than 
chlorine in the cooling towers, and if so. how 
will they affect the receiving stream? As 
stated above since the reactor cooling water is 
basically the stream, a small amount of a 
biocide in the cooling water discharge may have 
a detrimental impact to the stream. 



DOE plans to dechlorinate K- and C-Reactor 
cooling waters prior to discharge from the 
cooling towers to onsite streams. 
Discussion of the method to be used and an 
assessment of the potential impact based on 
the results of chlorination/dechlorination 
studies conducted at SRP have been included 
in Chapter 4 with additional support 
information provided in Appendix C of the 
FEIS. 



Once-through cooling tower systems would not 
use corrosion inhibitors. Allowance for 
injection of a corrosion inhibitor has been 
made for recirculating systems, A 
non-chromated , organic-based chemical made 
by Wright Chemical Company would be used if 
needed. Currently, this chemical is 
approved by SCDHEC for use in cooling tower 
systems and is being used at the Savannah 
River Plant. 



The Department has advised you previously in a 
letter dated March 4, 1985 that both recircu- 
lating cooling towers and once through cooling 
towers satisfy state standards. We also stated 
that for the alternatives chosen in the Thermal 



Chlorine is the only biocide planned for use 
in the cooling towers. 



Table J-2. DOE responses to comments on Draft EIS (continued) 



Comment 
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Mitigation study that 316(a) studies would need to 
be developed and implemented to assure that the 
rise above ambient stream temperature ( t) would 
not adversely impact the receiving stream. 

In further review of the DEIS some concerns have 
surfaced from this office on whether or not 
once-through cooling towers are capable of 
demonstrating a successful 316(a) study. 

The streams to which the reactor cooling water will 
discharge are Class 8 waters. The Water 
Classification and Standards (Reg. 61-68) for Class 
B waters concerning temperature state: 

"The water temperature of all... Class B free 
flowing waters shall not be increased more than 
5°F (2.8°C) above natural temperature 
conditions or exceed a maximum of 9Q°F (32.2°C) 
Y 1 as a result of the discharge of heated liquids 

on unless a different temperature standard as 

t° provided for in Section E. has been 

established, a mixing zone as provided in D.{5) 
has been established, or a Section 316(a) 
determination under the Federal Clean Water Act 






Since the delta 5°f (Z.8°C} requirement cannot be 
met SRP plans to conduct a 316(a) study. In order 
for this study to be successful SRP must 
demonstrate that under the operating conditions of 
the once through cooling towers the receiving 
stream can meet the requirements for a Class B 
stream. The Class B requirements are (Regulation 
61-68 E.5). 

CLASS B - freshwaters suitable for secondary 
contact recreation and as a source for drinking 



Table J-2. DOE responses to comments on Draft EIS (continued) 



Comment 
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BB-3 



I 



BB-4 



water supply after conventional treatment in 
accordance with the requirements of the 
Department. Suitable for fishing and the 
survival and propagation of a balanced 
indigenous aquatic community of fauna and 
flora. Suitable also for industrial and 
agri cul tural uses . 

Based on our further investigation and discussions 
with EPA, it is felt that SRP may not be able to 
demonstrate that indigenous species are able to 
reproduce in the receiving stream due to elevated 
temperatures. Therefore, if SRP should propose any 
alternative cooling technology which would require 
a 316(a) variance, it will be necessary that the 
Final Environmental Impact Statement (FEIS) provide 
predictive biological data which substantiates a 
reasonable probability that Section 316(a) 
requirements can be achieved- 



4, In the May 20th meeting attended by SRP, EPA, 
and OHEC personnel concerning the DEIS, SRP 
personnel described the sequence of events for 
reactor shut downs. The reactor shuts down for 
a five day period after every 30 days of 
operation, along with a 20 day shut down after 
every sixth cycle. This office feels that this 
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the receiving stream and feels the FEIS should 
further discuss the flow variation and shut 



Substantive Section 316(a) Demonstration - 
type information relating to K- and 
C-Reactors and the D-Area powerhouse has 
been included in Chapter 4 of the FEIS and a 
complete predictive Section 316(a) 
Demonstration will be provided to SCOHEC at 
an agreed-to date. 

In addition, per Consent Order No. 84-4-W 
between DOE and SCDHEC, if the selected 
cooling water systems discharge temperature 
does not comply with the 2.8°C T above 
ambient temperature requirement, DOE will 
conduct Section 316(a) Demonstration studies 
to assess directly during plant operations 
whether thermal discharge conditions will 
ensure the protection and propagation of 
balanced indigenous populations of fish and 
wildlife in the affected areas. 

See response to comment BB-3. Potential 
impacts from reactor shutdown and the 
associated flow variability have been 
addressed in Chapter 4 of the FEIS. 



Table J-2. DOE responses to comments on Draft EIS (continued) 
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BB-5 



c* 
-P- 



down effects on the aquatic habitat. It is 
felt that the above should be addressed in the 
predictive biological data requested to be 
provided in the FEIS. 

5. This office would also like predictive 
biological data to be in the FEIS for the 
D—ar&ii poweftiouse win ch would Substantiate a 
reasonable probability that Section 316(a) 
requirements can be achieved. 

In conclusion, the recirculating cooling tower 
alternative as expressed in the DEIS appears 
capable of meeting the state standards. However, 
the once through cooling tower alternative needs to 
be further discussed in the FEIS, specifically 
whether or not the once through cool i no tower 
alternative is capable of demonstrating a 
successful 316(a) study. 

Based on the information provided in the DEIS we 
feel recirculating cooling towers for C and K 
reactors will provide a higher degree of certainty 
of meeting the state stream standards than that of 
the once through cooling tower alternative. 

We appreciate the extra time you have given us to 
comment on the DEIS and if you would like to 
discuss the above comments please call (758-5483). 

Sincerely, 

James A. Joy, III , P.E. , 

Di rector 
Industrial & Agricultural 

Wastewater Division 



Substantive Section 316(a) Demonstration - 
type information relating to the D-Area 
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the FEIS. In addition, a complete 
predictive Section 316(a) Demonstration will 
be provided to SCDHEC at an agreed-to date. 
Should the selected cooling water systems 
discharge temperature not comply with the 
2.8°C rise above ambient temperature 
criterion, Section 316(a) Demonstration 
studies will be conducted during plant 
operations to assess directly whether the 
protection and propagation of balanced 
indigenous populations of fish and wildlife 
are maintained in the affected areas. 

The Record of Decision prepared by DOE on 
this EIS will present the alternatives DOE 
considered in reaching its decision and will 
specify the al ternative(s) that were 
considered to be environmentally preferable. 
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JAJ/JBR/jf 

cc: Kin Hill, Lower Savannah 

Russ Sherer, Division of Water Quality & 

Enforcement 
Mike Marcus, Biological Section 
Harry Gaymon, Biological Section 
John Marlar, EPA 
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STATEMENT OF JACK E. RAVAN 



MUTTm CTATFQ FWV/T DftWMFWTA I PD^TFrTTflW AGFKirY 

REGION IV 
345 Courtland Street 
Atlanta, Geo rg i a 30365 

June 12, 1986 

4 PM - EA/HJM 

Mr. R. L, Morgan 

Department of Energy 

Savannah River Operations Office 

P.O. Box A 

Aiken, South Carolina 29802 



SU8JECT: DEIS for Alternative Cooling Water 
Y* Systems, Savannah River Plant, Aiken, 

o> South Carolina 



Dear Mr. Morgan: 

Pursuant to our responsibilities under Section 309 
of the Clean Air Act (CAA) and the National 
Environmental Policy Act (NEPAL the Environmental 
Protection Agency (EPA) has reviewed the Draft 
Environmental Impact Statement (DEIS) for 
Alternative Cooling Water Systems at the Savannah 
River Plant, Aiken, South Carolina. Our review has 
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on water and air quality, wetlands, aquatic habitat 
and radiological considerations of the proposed 
alternatives. The purpose of the DEIS document is 
to assess the relative impacts of various 
alternative ways to comply with the discharge 
temperature limitations for the on-site streams. 
The document covers the discharge from the 
C-Reactor, the K-Reactor and the D-Area coal-fired 
oower olant. 



m 



Table J-2, DOE responses to comments on Draft EIS (continued) 



Comment 

number Comments Responses 



For both of the reactors, two primary alternatives 
are proposed: once-through cooling (subsequently 
referred to as "helper cooling" herein) and 
recirculating cooling (referred to as "closed-cycle 
cooling" herein. For the D-Area power plant, 
direct discharge to the Savannah River and 
increased flow with continued discharge to Beaver 
Dam Creek were the alternatives considered. 
Although all the proposed action alternatives are a 
major improvement over existing conditions, our 
review has identified several areas of major 
concern which must be addressed in the Final 
Environmental Impact Statement (FEIS) before an 
alternative can be selected. 

In formulating our comments we have met with the 

SRP staff on two occasions to discuss our concerns 

and have coordinated our review with the South 

Carolina Department of Health and Environmental 
I Control (SCDHEC) and the U.S. Fish and Wildlife 

^ Service (USFWS). 

BC-1 Should DOE continue to prefer an alternative See response to comment BB-3 

cooling technology which would require a 316 
variance, the FEIS should present predictive 
biological data which demonstrates a reasonable 
probability that Section 316 requirements can be 
achieved. Prior to implementation of a cooling 
alternative, it will be necessary for DOE to assure 
that the system will achieve compliance with water 
quality standards requirements or to obtain a 
variance to those standards under Section 316(a) of 
the Clean Water Act. 



Comment 
number 
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A summary of additional areas of concern follow (a 
more complete discussion is contained in the 
attached "Detailed Comments"). 

• The high sedimentation levels and the resultant 
stream delta growth expected from the helper 
cooling alternative would continue to adversely 
impact vegetated wetlands and aquatic habitat. 

• The requirements for biocides and corrosion 
inhibitors for the cooling system alternatives 
and their potential impacts on the aquatic 
community were not addressed in adequate detail 
in the GETS. 

Conclusions 






EPA ! s review of the DEIS has identified a number of 
major environmental concerns which need to be 
addressed in the FEIS before a final alternative 
can be selected for implementation. These concerns 
relate directly to the alternatives ability to meet 
water quality standards or obtain a variance under 
Section 316(a) , and thus be environmentally 
acceptable and permitable. To provide a technical 
basis for resolving our concerns additional 
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number of areas including: 
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BC-2 



Predictive biological data for alternatives 
requiring a 316(a) variance; 



See response to comments BB-3 and BB-5. 



BC-3 



The results of the proposed Habitat Evaluation 
Procedure (HEP); 



A HEP analysis was conducted for the 
habitats of the receiving streams. The 
resul ts of this analysis are n re sen ted i n 
Chapter 4 and Appendix C; the complete 
report is available at DOE Public Reading 
Rooms in Aiken, South Carolina, and 
Washington, D.C. 



- 



Table J-2. DOE responses to comments on Draft EIS (continued) 



Comment 
number 



Comments 



BC-6 



A present worth analysis of the considered 
alternatives to provide a common basis for 
comparing capital, operating and production 
costs . 



I 



Responses 



Costs in the draft EIS were based on 
preliminary engineering information used for 
the alternatives listed on pages 2-43 and 
2-50 of the draft EIS. Revised costs shown 
below reflect additional engineering 
studies; they are also included in 
Comparison of Alternatives (Section 2.3) of 
the FEIS. For the conceptual designs 
evaluated, the estimated production loss for 
a once-through cooling water system is about 
0.2 percent, and that for a recirculation 
system is about 3.7 percent. 

Present worth was calculated using the 
following parameters: 15 year life; 10 
percent discount rate; 6-2 percent 
escalation; power cost $47.5G7MW>hr. ; and 
reactor cost $300 ,000/day . A 15 year life 
is assumed for the current reactors. For 
recirculating cooling water systems the 
costs include the decrease in electricity 
use (i.e., a savings) because much less 
water is pumped from the river. 



Gravity Flow Mechanical Draft, 
once-through system 

- Present worth excluding production 
losses $60,300,000 

- Present worth including production 
losses $64,300 t 0QQ 

Pumped Flow Mechanical Draft, once-through 
system 

- Present worth excluding production 
losses $81 ,400,000 

- Present worth including production 
losses $86,000,000 



Table J-2. DOE responses to comments on Draft EIS (continued) 



Comment 
number 



Comments 



Responses 



BC-4 



Further assurances that the cooling tower 
design will be able to achieve the projected 

discharge temperatures; 



I 

O 



8C-5 



A more in-depth evaluation of water chemistry 
requirements {biocides and corrosion 
inhibitors) and their possible air and water 
quality impacts; and 



Cooling-tower performance and sizing 
calculations were based on once-through 
operations. The temperatures of water 
directed from an SRP reactor into a cooling 
tower is much higher than for steam-electric 
generating plants. Therefore, Du Pont 
employed a cooling-tower consultant and 
contacted cooling-tower vendors to discuss 
sizing and performance of potential towers 
for the SRP's unusually high inlet 
temperature with low approach temperature. 
In addition, the specification for 
production losses were "less than 10 
percent" for a once-through system and 
"approximately 4 percent" for a 
recirculating system. 

The request for bids from cooling-tower 
vendors is based on a performance 
specification. It is the vendor's 
responsibility to design and build a tower 
that will meet or exceed the performance 
specifications. The contract with the 
successful bidder will include liquidated 
damages for failure of the tower to meet the 
performance specified. 

Based on current information and planned 
contract negotiations. Du Pont is confident 
the cooling towers will operate as stated in 
the EIS. 

See response to comments BB-) and SB-2. 



Table J-2, DOE responses to comments on Draft EIS (continued) 



Comment 

number Comments Responses 



I 



• Pumped Flow Mechanical Draft. 
recirculating system 

- Present worth excluding production 
losses $65,800,000 

- Present worth including production 
losses $97,600,000 

K-AREA 

• Gravity Flow Mechanical Draft . 
once-through system 

- Present worth excluding production 
losses $59,000,000 

- Present worth including production 
losses $63,300,000 

• Pumped Flow Mechanical Draft. once-through 

- Present worth excluding production 
losses $80,400,000 

- Present worth including production 
losses $86,000,000 

• Pumoed Flow Mechanical Draft. 
recirculating 

- Present worth excluding production 
losses $65,600,000 

- Present worth including production 
losses $97,600,000 

Although estimated costs for gravity-flow, 
once-through natural draft towers were not 
shown in the draft EIS, the estimates since 
developed are: 



Table J-2. DOE responses to comments on Draft EIS (continued) 



Comment n 

number Comments Responses 



I 



C-AREA 



• Gravity Flow Natural Draft - nnce-throuqh 
system 

- Present worth excluding production 
losses $42,400,000 

- Present worth including production 
losses $44,000,000 

K-AREA 

• Gravity Flftw Natural Draft , pnce-throuoh 
system 

- Present worth excluding production 
losses $41,400,000 

- Present worth including production 
losses $43,000,000 

Below are estimated costs for a gravity flow 
natural draft tower with pumped feed to a 
mechanical draft tower in a recirculating 
mode that was developed after the draft EIS 
was completed and is explained in greater 
detail in Chapter 2 of this Final EIS: 

C- and K-AREAS 

• Recirculating System 

- Present worth excluding Production 
losses 58,000,000 

- Present worth including Production 
losses $89,800,000 



Table J-2. DOE responses to comments on Draft EIS (continued) 



Comment 

number Comments Responses 



This additional information is important in 
assessing the impact of the proposed alternatives 
on the natural environment for the expected life of 
the project. In addition, EPA feels strongly that 
the NEPA process is the appropriate means of 
identifying and addressing any major permitting 
issues such as the Section 316(a) variance 
question. Only in this manner can an alternative 
be selected that both addresses environmental 
impacts and can successfully achieve permit 
requi rements. 

Based on our review, EPA rates the Draft 
Environmental Impact Statement for the Alternative 
Cooling Water Systems an EO-2 (i.e, significant 
issues have been identified relative to the 
preferred alternative being able to meet water 
quality standards thermal criteria, which may 
require substantial modification of the alternative 
tj* or consideration of other alternatives). Also, as 

-sj discussed above, the FEIS should contain the 

w additional requested information as well as 

addressing the DEIS comments. 

My staff will be available to meet with DOE, SCDHEC 
and USFWS in order to assist in further defining 
the needed studies and data. We appreciate the 
additional time you have given us to comment on the 
DEIS. We hope that through the on-going close 
cooperation with OOE the environmental concerns can 
be successfully resolved and the most acceptable 



Table J-2. DOE responses to comments on Draft ElS (continued) 



Comment 

number Comments Responses 



alternative can be identified* The primary EPA 
point of contact for this project is Heinz J, 
Mueller, (FTS} 257-7901 or (404) 347-7901 « 



Sincerely yours. 

Jack E. Ravan 
Regional Administrator 

Enclosure 

1^(_ . JCC Dl tO», HCU 

cc: Mr. James A* Joy, III 

Director of Industrial and Agricultural 

Wastewater Management Division 
South Carolina Department of Health and 

Envi ronmental Control 
Columbia, S.C. 29201 

<j Mr = Roger Banks> field Supervisor 

*" £cologi cal Services 

U.S. Fish and Wildlife Service 
217 Ft, Johnson Road 
Charleston, S.C. 294.12 

ATTN: Mr. Prescott Brownell 



Table J-2. DOE responses to comments on Draft EIS (continued) 



Comment 

number Comments Responses 

DETAILED COMMENTS FOR ALTERNATIVE COOLING WATER 

SYSTEM DEIS 
Savannah River Plant, Aiken, South Carolina 

Water Quality 

Currently, both the C- and K-Reactor are 
discharging cooling water into Four Mile Creek and 
Pen Branch, respectively, at temperatures averaging 
70° to 77°C (158° to 170. 6°F). This exceeds the 
State of South Carolina Water Quality Standards 
(SCWQS) Class B criterion which specifies a maximum 
instream temperature of 32.2°C (90°F). Based on 
the calculations in the DEIS, both major 
alternatives being considered, helper and closed- 
cycle cooling, appear to meet this maximum 
temperature criterion. However, there are a number 
of areas of concern that must be addressed in the 
FEIS prior to selection of a final cooling system, 

•Ig BC-7 As indicated in the DEIS, the helper cooling See responses to comments BB-3 and BB-5 

01 alternative for the C- and K-Reactor will not 

achieve compliance with the 2.8°C (5°F) criterion 

allowed by the water quality standards for 

increases in ambient stream temperatures. During 

the winter and spring months projected increases 

will be 13 to 15°C (23.4° to 27°F) based on Table 

2.1. Selection of the helper alternative would 

require a variance to the temperature increase 

criterion. Under Section 316(a) of the Clean Water 

Act, a permittee for an NPDES permit may obtain a 

variance to applicable thermal limitations if a 

demonstration can be made that the applicable 

limitations are more stringent than necessary to 

"assure the protection and propagation of a 

balanced, indigenous population of shellfish, fish, 

and wildlife, in and on that body of water." 



Table J-2. DOE responses to comments on Draft EIS (continued) 



Comment 

number Comments Responses 

BC-8 A predictive Section 316(a) assessment will be See responses to comments BB-3 and BB-5 
necessary prior to NPDES permit issuance to 
demonstrate that the level of thermal release 
calculated for the heTper cooling alternative (or 
any alternative which would not achieve compliance 
with applicable temperature requirements) would 
assure compliance with 316 requirements. 

Tl r ..,* A _ „ i-L-J. J. I O 1 t / -* \ -. 

meitiuic, i_u anuic l.iicil lmc ,jiui,q; |ji ui,t;>^ 

proceeds without delay, it will be necessary for 

DOE to provide predictive biological data in the 

FEIS, Such data must demonstrate that discharge 

from the alternative proposed has a reasonable 

chance to achieve 316(a) requirements. That is, 

that reasonable reproduction of aquatic organisms 

will be ensured in both the receiving creeks and 

associated marsh areas under all discharge 

temperature and flow conditions resulting from all 

planned plant operating modes, as well as periods 

of normal and extended shutdown. Data on rate of 
^ creek and wetland drainage as a function of reactor 

--4 shutdown and Savannah River stage will be needed in 

°^ this evaluation. 

Data presented in the DEIS indicate that discharge 
temperatures predicted for the helper cooling tower 
system during the spring (25 to 28°C) would be 
high and would likely prevent the successful 
spawning and reproduction of many of the fish 
species indigenous to the Savannah River system. 
As indicated in "Thermal Performance" below, these 
predicted temperatures may be low. Even should 
successful spawning occur, subsequent short- or 
long-term shutdown of the reactor could leave the 
eggs or fry in a dry overbank area of the creeks or 
section of marsh. Additionally, longer periods of 
shutdown nave Historical iy ueen Guserv^d wnicn 
m 



...ight further compound this impact. In order to 
obtain a 316(a) variance, it will be necessary for 
DOE to demonstrate that these concerns are not of 



Table J-2, DOE responses to comments on Draft EIS (continued) 



Comment 
number 



Comments 



Responses 



BC~9 



\ 



significance to the propagation and protection of 
the aquatic community in both the free-flowing 
creeks and associated marshes. 

According to the data in the DEIS, the discharge 
from the closed-cycle cooling alternative for both 
the C- and K-Reactor would exceed the ambient 
stream temperature by 1°C during winter conditions 
while the temperature of the effluent will approach 
the ambient for extreme summer conditions. Use of 
the closed-cycle system may achieve direct 
compliance with water quality standards thermal 
limitations and no 316(a) variance would be 
required. Therefore » greater consideration should 
be given to the closed-cycle system, if the 
blowdown temperatures noted in Table B-l can be 
achieved (see "Thermal Performance" below). 



The recirculating cooling-tower systems 
discussed in this final EIS have been 
modified from those described in the draft 
EIS. The recirculating system in the draft 
EIS assumed design for 10°C wet bulb 
temperature and 28°C approach. This has 
been determined to be difficult and costly 
to achieve. 

Recirculating cooling-tower systems for 
alternatives now being considered are 
designed to achieve 29.5°C cold water 
temperature (CWT) at 26.7°C WBT, Wet bulb 
temperatures would have to exceed 29.5°C 
before blowdown temperatures would reach 
32.2°C; basic data indicates that 27.8°C WBT 
was exceeded only twice during the period 
from 1952 through 1983. 

Cooling-tower performance is dependent on 
ambient air conditions; Savannah River water 
temperatures lag behind seasonal air 
temperature changes. If receiving stream 
temperature is assumed to be the same as the 
Savannah River and historical monthly 
average temperatures are used, the 2.8°C 
maximum allowable temperature difference 
between cooling-tower blowdown and receiving 
stream will be exceeded during the period 
from December through July. Maximum monthly 
average difference is 6,7°C in March based 
on recirculating cooling-tower systems 
designed for 26,7°C WBT with 2,8°C 
approach. 



Table J-2. DOE responses to comments on Draft EIS (continued) 



Comment 
number 



Comments 



Responses 



l 



BC-10 



Due to the high flow rate of the helper cooling 
alternative, minimal reduction in the existing high 
level of suspended solids would be expected in the 
receiving creeks; especial ly , if the proposed 
holding ponds are eliminated. The closed-cycle 
system, however, would result in a significant 
reduction of suspended solids and the attendant 
stream/marsh sedimentation. Also see discussion in 
M Wetland", below. 



The maximum delta-T of 2.8°C must be met 
continuously, not as an average. No cooling 
tower system can guarantee compliance with 
that maximum at all times, particularly 



uUiing suuucn weamt?! cnanges 






recirculation system would come closer to 
meeting the delta-T regulation than the 
once-through system because it is designed 
for a closer approach to ambient wet bulb 
temperature. This is achieved, however, at 
a much higher investment cost with greater 
system complexity. None of the 
reci rculating systems presently being 
eva? yvited i nc? »de b? owdowr? coo) i on 
facilities. Blowdown temperatures from 
these recirculating systems is expected to 
be lower (due to two cooling towers "in 
series) than those which occur at 
steam-electri c generati ng plants for 
comparable ambient conditions. Therefore* 
blowdown cooling systems used by those 
plants would not be as effective for SRP 
systems . 

The DEIS discussed the discharge of total 
suspended solids and sedimentation rates in 
the delta areas in Chapter 4. Discussions 
on water quality and hydrology summarized 
current conditions and changes expected with 
once-through and recirculating systems. 

The maximum flow rate discharged from a 
once-through cooling tower would be iT.3 
cubic meters per second, which is the same 
as existing conditions. There would he 
minimal reduction in the total suspended 
solids from existing conditions. The 
discharge flow rate from a recirculating 



Table J-2. DOE responses to comments on Draft EIS (continued) 



Comment 
number 



Comments 



Responses 



system would be about 0.51 to 0.57 cubic 
meter per second due to blowdown. The total 
suspended solids that would be discharged 
with the recirculating system would be 
greatly reduced because the intake flow of 
Savannah River water for this alternative is 
much less than for the once-through system. 
All discharges would comply with NPDES 
permit requirements and State Class B water 
classification standards. 



BC-11 



I 



BC-12 



Although discussion to this point has centered on 
reactor discharges t the D-Area power plant 
preferred cooling alternative apparently will also 
require a 316(a) variance. Pumping of excess water 
for thermal pollution control is not normally 
accepted practice due to impingement and 
entrainment impacts and other factors. In this 
case, however, pumping to maintain the 32.2°C 
maximum thermal criterion of the South Carolina 
Water Quality Standards would appear to be the 
preferred alternative. Pumping during other 
periods should be minimized consistent with 
maintaining temperature patterns demonstrated to be 
acceptable for the protection and propagation of 
the aquatic community. In order to demonstrate the 
appropriateness of a variance and the establishment 
of appropriate discharge temperatures, it is 
suggested that DOE prepare a proposed plan of pump 
operation as a function of discharge temperature 
and month of the year as it relates to the life 
stages of the aquatic community. 

The biological data necessary to support any 
required 316(a) variance request as well as the 
Habitat Evaluation Procedure (HEP) analysis should 
be documented in the FEIS. 



See response to comment BB-5. 



See response to comments BB-3, BB-5, and 
BC-3. 



^ 



Table J-2. DOE responses to comments on Draft EIS (continued) 



Comment 
number 



BC-13 



BC-14 



\ 

CO 

o 



Comments 



Additional Alternatives 



Although only two al 
were proposed in the 
might be considered, 
closed-cycle series 
capable of complianc 
criteria use of the 
partial recycle mode 
cooling water to the 
flow relative to hel 
impacts. 

Thermal Performance 



ternatives for reactor cooling 
DEIS, variations to those 
Since the presently proposed 
tower design appears to be 
e with all SCwQS thermal 
se towers in helper mode or in 
(i.e., with some recycle of 
reactor to reduce discharge 
per mode) may reduce aquatic 



Based on EPA experience with existing cooling tower 
performance at steam electric power generating 
facilities* the following items are presented for 
DOE consideration in the design of cooling towers 
for the SRP site. Calculation of helper tower 
discharge temperatures based on direct use of 
closed-cycle cooling tower performance curves is 
not appropriate since the discharge temperatures 
computed are low. This is due to the fact that 
recirculation of cooling water produces a build-up 
of heat in the cooling system and higher tower 
inlet temperatures relative to the design wet bulb 
temperature. Higher tower inlet temperatures 
produce a greater driving force for tower cooling 
which is incorporated in standard performance 
curves for closed-cycle towers- Available 
information has been provided to DOE to allow 
recomputation of helper tower discharge 
temperatures, if necessary. 



Responses 



See discussion of the recirculating cooling 
tower alternative in Chapter 2 of the FEIS. 



In addition to the following see also 
response to comment BC-4, 

Performance curves used in the engineering 
evaluations were provided by cooling-tower 
vendors and reviewed by the consultant. 

Engineering evaluation studies were 
continued for the recirculating system 
alternatives after the draft EIS was 
issued. Estimated blowdown temperatures 









described in Chapter 2 of the DEIS and for 
additional alternatives. The evaluation 
included estimating temperatures following 
reactor shutdown, including total loss of 
electri cal power. 

The maximum flow of cooling water from a 
reactor to a cooling tower is 11.3 cubic 
meters per second. For short shutdowns, the 
flow is' 3.3 cubic meters per second, but for 
long shutdowns the flow is reduced to 0.63 
to 1,3 cubic meters per second. Following 



Table J-2. DOE responses to comments on Draft EIS (continued) 



Comment 
number 



Comments 



Responses 



I 



shutdown of the reactor, the temperature of 
the cooling water discharged from the 
reactor heat exchangers rapidly decreases in 
100 seconds after shutdown and approaches 
32.2°C in 300 to 400 seconds after shutdown. 

The attached figure shows cooling water 
discharge temperature {water entering the 
cooling tower) following a reactor shutdown 
(scram). The temperatures shown are with a 
river water inlet temperature of 27.8°C, the 
approximate river water temperature in 
July, Although not shown on the figure, 
data obtained during the study showed that 
the reactor effl uent- temperature is within 
1,1°C of reactor influent temperature 24 
hours after shutdown. 

The temperature of the water in a 
recirculating system would rapidly decrease 
as the tower rejected the heat remaining in 
the recirculating system. Reactor heat 
would decline in a manner and time frame 
similar to that shown on the cooling water 
figure. 

The once-through cooling towers are bypassed 
only when the reactor is down. On 
recirculating system towers some maintenance 
can be completed while the tower is in 
operation. For maintenance requiring an 
empty system, near ambient temperature water 
(less than 32.2°C) would be discharged to 
the stream when the reactor is down. 
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Table 3-2. DOE responses to comments on Draft EIS (continued} 



Comment 
number 



Comments 



Responses 



CO 



fossil and nuclear power plant closed-cycle cooling 
systems, as well as data from contributing 
electrical utilities, cooling tower capability 
averaged 85 percent. The lowest of these was 76 
percent while the highest was 99 percent." They 
further concluded that "this translates into 
roughly 3°F above higher return water 
temperature..," Should the the towers proposed for 
SRP (either helper or closed-cycle) achieve only 85 
percent of design capability, discharge 
temperatures of more than 3°F above the present 
estimates would probably result due to the higher 
inlet temperatures which occur at SRP compared to 
utility condensers. Unless flexibility is included 
in the tower design, once constructed it is seldom 
possible to significantly increase thermal 
performance. It is to be noted that where actual 
tower capability is less than design in a 
closed-cycle tower system, the owner suffers 
economic penalties due to lower production caused 
by the higher cooling water temperatures- However, 
in a helper tower system, only the environment 
suffers unless the production rate is reduced. It 
is therefore suggested that in addition to 
presentation of information for the 100 percent 
tower capability case, thermal data and biological 
data presented in the FEIS be based on a tower 
capability of 85 percent of design unless 
persuasive information can be provided as to why 
these conditions are not applicable to SRP. 



hired to estimate the performance of the 
natural-draft cooling tower needed if it 
operates at 10 percent deficiency. 

The natural-draft cooling tower would be 
designed for: 

1. Startup of the tower with 54.5°C inlet 
hot water temperature (HWT) with 
discharge cold water temperature of 
32.2°C or less. 

2. With reactor operating, 76.7°C inlet hot 
water temperature and approximately 
31.1°C discharge cold water temperature. 

3. 27.8°C wet bulb temperature (WBT) based 
on historical data and return-on- 
investment considerations to reduce 
reactor shutdowns caused by discharge 
temperatures being higher than 32,2 a C, 
and 

4. 40 percent relative humidity (RH). 

If this tower has a 90-percent thermal 
capability, the consultant estimates the 
fol lowing: 

1. During startup of the tower when inlet 
water temperature reaches 54.5°C, tower 
discharge temperature (to tower basin) 

a, 32.8°C if wet bulb temperature is 
27.8°C 

b, 32,4°C if wet bulb temperature is 
27.2°C 



Table 3-2. DOE responses to comments on Draft EIS (continued) 



Comment 
number 



Comments 



Responses 



When the reactor is operating in the 
summer and the inlet temperature to the 
tower reaches 76.7 D C, the tower 
uis chary e temperatu re i s 

a. 31.7°C if wet bulb temperature is 
27.8°C, or 

b. 31.1°C if wet bulb temperature is 
27.2*C. 

In winter operation the cold water 
temperature i ncrease woul d be about 1 ° 
to 2°C for 90-percent capability at 50 P C 
wet bulb temperature. 



I 

CO 

-P- 



BC-16 



BC-17 



BC-18 



Cooling Tower Chemistry 

The type and management of the biocide and any 
corrosion inhibiting compounds being considered for 
the cooling alternatives is a.(\ important factor 
necessary for assessing the overall environmental 
impacts on the aquatic ecosystem. This is an area 
that was not adequately addressed in the DEIS and 
should be presented in detail in the FEIS. 

The FEIS should discuss the biocide alternatives 
being considered, expected effluent concentrations 

and duracions, associated environmental impacts, 
and any plans for treatment and control. If 
chlorination is planned, the fEIS should address 
the specific steps that will be taken to ensure 
that the SC toxicity criteria for total residual 
chlorine will be met. Dechlorination should be 
discussed in the FEIS. 

It is possible that in a recirculated cooling 
system with the high reactor temperatures and 
recycled water chemistry involved^ corrosion of 

reactor cooling piping will be a more significant 



See responses to comments BB-1 and BB-2. 



See responses to comments BB-1 and BB-2, 



See response to comment BB-2. 



Table J-2. DOE responses to comments on Draft EIS (continued) 



Comment 
number 



Comments 



Responses 



I 

CO 



BC-19 



problem than postulated and will require the use of 
high levels of chromium or other toxic corrosion 
inhibitors. The addition of these chemicals could 
require chemical treatment of blowdown prior to 
discharge. Thorough evaluation of this situation 
at SRP should be made in the FE1S with the 
information provided and a comparative assessment 
made relative to the cooling water system materials 
of construction as they relate to the blowdown 
water treatment provided at the Oak Ridge, 
Tennessee and Paducah, Kentucky DOE facilities. 

Wetland 

Current operations of the C- and K-Reactor have 
resulted in approximately 1827 acres of wetlands 
being impacted by thermal discharges high flow 
rates and the resultant sedimentation and growth of 
the stream deltas. D-Area operations has impacted 
382 acres of wetlands. 

Helper cooling would reduce wetland losses due to 
thermal discharges downstream from the C- and 
K-Reactor, however, reestabl ishment of vegetation 
would be limited because of continued high and 
fluctuating flow rates and the accompanying 
sedimentation. The high silt levels continue to 
build deltas in the swamps at the mouths of the 
receiving streams. This high level of 
sedimentation continues to remove aquatic habitat 
and adversely impact the environment and therefore 
should be reduced. The closed-cycle cooling system 
alternative would restore flows to near natural 
levels and greatly reduce the level of suspended 
solids, Successi onal revegetation to bottomland 
hardwoods would be expected of 1500 of the impacted 
acres for the C- and K-Reactor and for a major 
percentage of the D-Area impacted acreage. 



Operational impacts to the wetland community 
are addressed in Chapter 4, Appendix C, and 
Appendix F of this Final EIS. 
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Aquatic Habitat 

By reducing the temperature to within the 32,2°C 
criterion, both the helper and the closed-cycle 
cooling alternatives would significantly reduce the 
thermal impacts on the on-site streams and the 
Savannah River swamp. However, exceedances of the 
2.8°C temperature increase criterion by the 
presently proposed helper cooling system (in 
addition to preventing the reproduction of fish as 
previously noted) may not permit the establishment 
of a stable aquatic community. This is a factor 
that must be considered in any 316(a) demonstration 
performed by DOE that assesses either helper or 
partially recycled cooling. 

The closed-cycle cooling system, however, would 
produce flows more nearly approaching natural 
levels in the impacted streams and thus permit the 
reestablishment of a more stable and diverse 
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jpawning conui^ions i or 



indigenous fish species would improve and there 
would be much less potential for cold shock from 
winter reactor shutdown. Because of the decreased 
flow rates of the closed-cycle alternative, stream 
sedimentation and changes in the stream morphology 
would be reduced proportionately, thus resulting in 
a more stable and healthy aquatic habitat. In 
addition, since the closed-cycle cooling water 
system decreases the raw water intake from the 
River, there would be a reduction in both the level 
of entrainment and impingement losses by as much as 
85 percent. 

Ai r Qual i ty 

Air quality concerns exist for possible health 
effects of any releases of chromium if used as a 
corrosion inhibitor in the cooling system. 



See responses to comments 8B-3 and BB-5 



Design of cooling towers will include an 
allowance for injection of a corrosion 
inhibitor if needed. A non-chromated, 
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Although this is a relatively new area, research is 
underway by EPA at the Research Triangle Park to 
develop a model and determine potential health 
risks (A point of contact has been provided on the 
study). DOE should address the possible problems 
of using chromium in those alternatives where 
applicable (the results should be incorporated into 
the FEIS). 

Radi ological 

Only very small differences exist among the 
alternatives in radiological activity with the 
amount of release not being affected, just the 
pathway (with a slight decrease for liquid releases 
and a slight increase for the atmospheric 
pathway). Slight changes in the radiocesium 
transport would result from the differences in 
release rates into the streams. The recirculating 
cooling alternative would result in 0-4 curies (Ci) 
reduction in cesium release for the C-Reactor and 
0.6 Ci for the K-Reactor over the existing and 
helper cooling systems. 

Construction Impacts 

Best Management Practices should be followed during 
all construction activities. The FEIS should 
address the following pre-construction and 
construction related impacts: 

• Point Source Discharges - sanitary, concrete 
mi x i ng plant , etc . ; 

# Solid Waste Management - clearing debris; 

• Other construction related water quality 
impacts - oil and hazardous substances spill 
prevention, and use of herbicides, 
insecticides, etc.; and 

♦ The use of erosion and sedimentation control 
measures such as - silt fences, sedimentation 
ponds and early revegetation of disturbed areas 



organic-based chemical made by Wright 
Chemical Company would be used. This 
chemical is approved by SCOHEC for use in 
cooling tower systems and is presently being 
used at the Savannah ftiver Plant, 



The operation of the recirculating 
alternative would reduce flows in both Pen 
Branch (K-Reactor) and Four Mile Creek 
(C-Reactor), resulting in a calculated 
decrease in the cesium released to the 
Savannah River of 0.12 curie per year for 
Pen Branch and 0.21 curie per year for Four 
Mile Creek. 



Best management practices would be followed 
during all construction activities. In 
addition, impacts of construction are 
addressed more completely in Chapter A of 
the FEIS. 
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COOLING TOWER TEST FACILITY PROGRAM 
ESTIMATE OF THE ECONOMIC IMPACT OF 
DEFICIENT COOLING TOWERS 



The performance of a power plant with a closed- 
cycle cooling system is intimately tied to the 
performance of the cooling system, especially 
during demanding meteorological conditions. If the 
cooling system is deficient, the condenser back 
pressure will be higher than design and the plant 
heat rate will increase. Capacity and energy 
penalties can be sizeable depending on unit design 
and the degree of inefficiency of the system. 

Based on data acquired by Environmental Systems 
Corporation from their own acceptance and 
performance tests on over twenty fossil and nuclear 
power plant closed-cycle cooling systems, as well 
as data from contributing electrical utilities, 



oo cooling tower capabilities averaged 85 percent. 



The lowest of these was 76 percent while the 
highest was 99 percent. (As a point of interest, 
although not included in the subsequent economic 
analyses, four cooling towers tested at a 
geothermal installation averaged 87% capability, 
ranging from 70% to 95%). The majority of these 
tests were conducted on towers that have been 
operating for less than two years. Older cooling 
equipment, if not properly maintained, could be 
expected to have lower capabilities. 

With this background, an estimate of the economic 
impact of deficient cooling towers follows. This 
technique is similar to that included in 
EPA-600/7-79-001 "Closed Cycle Cooling Systems for 
Steam Electric Power Plants: A State of the Art 
Manual." The megawatt ratings of existing and 
proposed plants with cooling towers were obtained 
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from the METER (Meteorological Effects of Thermal 
Energy Releases) computer inventory, which was part 
of an Oak Ridge National Laboratory study performed 
by Miller and Patrinos, There is assumed to be 
approximately 250,000 Mwe of fossil plants and 
20,000 Mwe of nuclear plants serviced by cooling 
towers. If the cooling towers servicing these 
units are operating at 85 percent capability, this 
translates into roughly 3°F higher return water 
temperature to the condenser and attendant higher 
turbine exhaust pressures. In many cases, not only 
is unit heat rate increased, but during the more 
demanding summer meteorology, the unit is forced to 
reduce load to avoid higher-than-design turbine 
back pressures. The economic assessment, 
consisting of three parts, follows: 

1. Replacement Capacity Penalty (P,) 



^ Pi = fc x FCR x &kw 

° where: 



P, - Capacity penalty in dollars 
k = Replacement capacity rate, $/kw 

crn _ a ...n f:..^j *L _-.-*■:-» 
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Akw = Loss of capacity due to the deficient 
cooling system 

Assuming a total 100 units with 3 Mwe reduction 
each, and applying constants derived from recent 
util i ty data, 

p. - f<ttnn/kwi v it).?) y nnn\ooo kw* = £30.000.000. 
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STATEMENT OF BRUCE BLANCHARD 

United Stated Department of the Interior 
Office of the Secretary 
Washington, D.C. 20240 

ER 86/552 June 30, 1986 

Mr. R. P. Whitfield 

Director, Environmental Division 

U.S. Department of Energy 

Savannah River Operations Office 

P,0, Box A 

Aiken, South Carolina 29802 

Dear Mr. Whitfield: 

The Department of the Interior has reviewed the 
^ draft environmental impact statement for 

\o Alternative Cooling Water Systems, Savannah River 

■"■* Plant, Aiken, County, South Carolina and has the 

following comments. 

General 

BD-1 We recognize that each of the action alternatives The costs of electrical usage, as well as 

offers significant reductions of existing thermal maintenance and production losses, are based 

impacts to the affected wetland systems. However, on the assumption that reactors continue to 

a key consideration that appears to have been operate for 15 years after construction of a 

underemphasized in the draft statement is the cooling tower(s). 

projected lifetime of the reactors and consequent 

need for cooling systems. This consideration Also see response to comment BC-6. 

should have major bearing on the selection of 

preferred alternatives that may represent the best 

long-term balance among costs, production 

efficiency t and environmental quality. In 

consideration of the information presented, it 

appears that the recirculating cooling tower 
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alternative would provide the best long-term 
advantage from a cost standpoint, as well as 
providing significant reductions in impingement and 
entrainment. However, the habitat effects of each 
alternative should be carefully assessed before the 
proposed action is finalized. 

Alternatives 

We believe the proposal described in the draft 
statement offers significant benefits to fish and 
wildlife resources when compared to the existing 
No-Action condition. However, the final statement 
would be improved by the inclusion of a detailed 
long-term analysis of initial and operating costs, 
environmental effects, and production efficiency 
over the project lifetime for each alternative. 



The projected life 
reactor systems or 
replacement and lo 
should be factored 
avai lable i nformat 
long-term differen 
wildl ife resources 
alternatives, part 
and K^Reactor acti 
long-term annual o 
recirculating cool 
approximately 9-10 
the once-through c 
represent a lower 



time of the currently operating 

the likelihood of reactor 
ng-term need for cooling systems 

into the analysis because the 
ion indicates that significant 
ces in effects to fish and 

may exist between action 
icularly in reference to the C- 
nn al ternat i upi; . We suadest 
perating costs may favor the 
ing tower systems after 

years of operation even though 
ooling tower systems may 
initial cost. 



Impa cts to Wetlands 

Currently, annual forested wetland canopy losses of 
about 54 acres are occurring in response to thermal 
impact arid increased flooding in the affected 
areas. The once-through cooling tower alternative 



Responses 



Initial and operating expenses, along with 
production efficiency, have been included in 
Chapter 2 of this FEIS. Environmental 
effects for construction and operation have 
been analyzed extensively and results are 
included in Chapter 4 of this FEIS. 

Also see responses to comments BO— 1 and BC-6 

Comment noted on preference for 
recirculating cooling towers. See 
discussion in Chapters 2 and 4 for more 
detail on this alternative- 



See response to comment BC-19. 
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would decrease forest canopy loss while allowing 

<;nmp rpuonotaHnn nf +hor*mal1w -lmnaz-t^^ i.iA»li n Jr 

Approximately 1,500 acres of previously forested 
wetlands would continue to be maintained in a 
permanently flooded condition by the discharges of 
C- and K-Reactors. With termination of thermal 
effects, these flooded areas would be expected to 
provide habitat for aquatic fish and wildlife 
species if discharge fluctuations are not too 
severe- The recirculating tower alternative would 
result in termination of both thermal and flooding 
effects due to C- and K-Reactor operations. This 
alternative would allow for successional 
revegetation of approximately 1,500 acres of 
previously forested wetland habitats. 

The Habitat Evaluation Procedures (HEP) analysis 
being conducted for the Department of Energy by the 
Savannah River Laboratory will provide the best way 
to adequately compare alternatives with respect to 
long-term habitat effects* 



Cumulative Impacts 

The final statement for 
Project {ER 83/1211) sta 
basis, including all Sav 
intakes, the total entra 
to 19 percent of the fis 
the intake canal annual 1 
should address the combi 
K-, and L-Reactor operat 
entrainment. The total 
signi f icant. Considerat 
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See response to comment BC-3. 



Entrainment and impingement impacts have 
been addressed in Chapter 4 with supportive 
information provided in Appendix C of the 
FEIS, 
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We hope these comments will be helpful to you 






Bruce Blanchard, Director 
Envi ronmental Project 
Review 
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